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(57)Abstract: 

PROBLEM TO BE SOLVED: To monitor a quantity of an ink in 
an ink cartridge with high reliability. 
SOLUTION: A liquid level detecting device having a 
piezoelectric device 106 and a vibrating section isolating 
means 60 is attached to an ink vessel 20 of the ink cartridge. 
The piezoelectric device 106 is equipped with a vibrating 
section at least the part of which is disclosed to an ink 
containing space of the ink vessel 20 and has a function for 
vibrating the vibrating section by receiving a driving signal and 
outputting a back electromotive force signal generated 
corresponding to the vibrating condition of the vibrating 
section. The vibrating section isolating means 60 isolates the 
vibrating section of the piezoelectric device 106 from the ink 
in the ink containing space before the ink cartridge is loaded 
to a body of a recorder and allows the vibrating section to 
contact the ink in the ink containing space when the ink 
cartridge is loaded to the body of the recorder 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by connputer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] In the ink cartridge of the recording apparatus which records in ink, it has the ink container 
which holds ink, and liquid level detection equipment with which said ink container was equipped. Said 
liquid level detection equipment With the function to have the oscillating section which exposed at 
least the part to the ink hold space of said ink container, and to vibrate said oscillating section in 
response to a driving signal The piezoelectric device which has the function which outputs the signal 
of back EMF generated according to the vibrational state of said oscillating section. While isolating 
said oscillating section of said piezoelectric device from the ink in said ink hold space before equipping 
the body of said recording device with said ink cartridge The ink cartridge characterized by having an 
oscillating section isolation means to contact said oscillating section of said piezoelectric device in 
the ink in said ink hold space when the body of said recording device is equipped with said ink 
cartridge. 

[Claim 2] The ink feed hopper by which the ink supply needle of the body of said recording device is 
inserted in said ink container in case the body of said recording device is equipped with said ink 
cartridge is formed. The mobile which said oscillating section isolation means engages with said ink 
supply needle inserted in said ink feed hopper, and moves with said ink supply needle, The tape 
member which covers said oscillating section of said piezoelectric device, and isolates said oscillating 
section from the ink in said ink hold space, It ****. The ink cartridge according to claim 1 
characterized by for said tape member being pulled by said mobile which engages and moves to said 
ink supply needle in case the body of said recording device is equipped with said ink cartridge, and 
canceling the cover of said oscillating section by said tape member. 

[Claim 3] Said ink cartridge is faced that the body of said recording device is equipped. Pass the 1st 
location before the cover of said oscillating section by said oscillating section isolation means is 
canceled. It is what moves to the 2nd location in the condition that the cover of said oscillating 
section by said oscillating section isolation means was canceled, and the body of said recording 
device was equipped with said ink cartridge. Are in the condition that the body of said piezoelectric 
device and said recording device was electrically connected in said 1st and 2nd locations, and it sets 
in said 1st and 2nd locations. The ink cartridge according to claim 1 or 2 characterized by being made 
as [ transmit / to the body of said recording device / the residual vibration signal outputted from said 
piezoelectric device after supplying a driving signal to said piezoelectric device and vibrating said 
oscillating section ]. 

[Claim 4] The ink jet type recording apparatus characterized by having the body of a recording 
apparatus with which claim 1 thru/or any 1 term of 3 are equipped with the ink cartridge of a 
publication, and said ink cartridge, and a liquid level judging means to judge the liquid level of the ink in 
said ink cartridge based on the output signal from said piezoelectric device. 

[Claim 5] An ink cartridge according to claim 3 and the body of a recording device with which it is 
equipped with said ink cartridge, It has a liquid level judging means to judge the liquid level of the ink in 
said ink cartridge based on the output signal from said piezoelectric device. Said liquid level judging 
means It is based on the residual vibration signal which originates in the residual vibration of said 
oscillating section after supplying the driving signal to said piezoelectric device in said 1st location 
and vibrating said oscillating section, and is outputted from said piezoelectric device. While measuring 
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the resonance frequency of the residual vibration signal in the condition that ink does not touch said 
oscillating section and memorizing as initial resonance frequency When the resonance frequency of 
the residual vibration signal which originates in the residual vibration of said oscillating section after 
supplying the driving signal to said piezoelectric device in said 2nd location and vibrating said 
oscillating section, and is outputted from said piezoelectric device carries out abbreviation 
coincidence at said initial resonance frequency The ink jet type recording device characterized by 
judging it as that to which the oil level of the ink in said ink container fell across the installation 
location of said oscillating section, 

[Claim 6] Said initial resonance frequency measured in said 1st location when said liquid level Judging 
means equipped said body of a recording device with said ink cartridge, Said resonance frequency 
measured in said 2nd location when equipping said body of a recording device with said ink cartridge 
similarly is compared. The Inkjet type recording device according to claim 5 characterized by judging 
that abnormalities are in said liquid level detection equipment when a change significant among both is 
not seen. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ink cartridge which has the function which 
supervises volume especially using a piezoelectric device, and an Inkjet type recording device with 
respect to an ink cartridge and an ink jet type recording device. 
[0002] 

[Description of the Prior Art] In the ink jet type recording device, the Inkjet recording head which has 
a pressure generating means to pressurize a pressure generating room, and the nozzle orifice which 
injects the pressurized ink as an ink droplet is carried in carriage. 

[0003] It consists of Inkjet type recording devices possible [ continuation of printing ] by continuing 
supplying the ink in an ink tank (ink container) to a recording head through passage. The ink tank is 
constituted as a removable cartridge which a user can exchange easily, when ink is consumed. 
[0004] Conventionally, there are an approach of software integrating the amount of ink attracted by 
the number of injection of the ink droplet in a recording head or maintenance as a management 
method of ink consumption of an ink cartridge, and managing ink consumption by count, a method of 
managing the time of specified quantity consumption of the ink actually being carried out by attaching 
the electrode for oiHevel detection in an ink cartridge, etc. 

[0005] However, there are the following problems in the approach of software integrating the number 
of regurgitation and the amount of ink of an ink droplet, and managing ink consumption on count. In a 
head, some which have weight variation are in a regurgitation ink droplet Although the weight 
variation of this ink droplet does not affect image quality, it has filled up the ink cartridge with the ink 
of an amount which gave the margin in consideration of the case where the error of the ink 
consumption by variation accumulates. Therefore, the problem that ink remains by the margin 
depending on an individual arises. 

[0006] As for the approach of on the other hand managing the time of ink being consumed with an 
electrode, the amount of real of ink is detectable. For this reason, an ink residue is manageable with 
high dependability. However, since it depends for detection of the oil level of ink on the conductivity 
of ink, the class of detectable ink is limited or the seal structure of an electrode may be complicated. 
Moreover, as an ingredient of an electrode, since noble metals also with high corrosion resistance with 
sufficient conductivity are used, the manufacturing cost of an ink cartridge usually increases. 
Furthermore, since it is necessary to equip with two electrodes, a production process will increase 
and a manufacturing cost will increase as a result. 

[0007] The piezoelectric device which could detect the liquid residue correctly and made complicated 
seal structure unnecessary and with which a liquid container is equipped is indicated by the 
application for patent No. 147052 [ 2000 to ] that the above-mentioned technical problem should be 
solved. Moreover, while asking an application for patent No. 147123 [ 2000 to ] for the presumed 
consumption condition of ink as a means for detecting the oil level of ink correctly based on the 
number of injection of an ink droplet, a means to detect the real consumption condition of ink using a 
piezoelectric device is indicated. 
[0008] 

[Problem(s) to be Solved by the Invention] According to the technique concerning the patent 
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application mentioned above, the ink residue in an ink cartridge can be supervised using the 
resonance frequency of the residual vibration signal which originates in the residual vibration of the 
oscillating section of a piezoelectric device, and is generated in the case where the case where ink 
exists in the space which counters the oscillating section of a piezoelectric device, and ink do not 
exist changing. 

[0009] However, in the Prior art, since resonance frequency in case ink does not exist in the space 
which counters the oscillating section of a piezoelectric device was not known in advance, it was 
difficult to detect the time of ink being lost correctly. 

[0010] This invention is accomplished in consideration of the situation mentioned above, and aims at 
offering the ink jet type recording device equipped with the ink cartridge and this which can supervise 
the amount of ink in an ink cartridge under high dependability. 
[0011] 

[Means for Solving the Problem] In the ink cartridge of the recording apparatus on which this 
invention records in ink in order to solve the above-mentioned technical problem It has the ink 
container which holds ink, and liquid level detection equipment with which said ink container was 
equipped. Said liquid level detection equipment With the function to have the oscillating section which 
exposed at least the part to the ink hold space of said ink container, and to vibrate said oscillating 
section in response to a driving signal The piezoelectric device which has the function which outputs 
the signal of back EMF generated according to the vibrational state of said oscillating section, While 
isolating said oscillating section of said piezoelectric device from the ink in said ink hold space before 
equipping the body of said recording device with said ink cartridge When the body of said recording 
device is equipped with said ink cartridge, it is characterized by having an oscillating section isolation 
means to contact said oscillating section of said piezoelectric device in the ink in said ink hold space. 
[0012] Moreover, the ink feed hopper by which the ink supply needle of the body of said recording 
device is preferably inserted in said ink container in case the body of said recording device is 
equipped with said ink cartridge is formed. The mobile which said oscillating section isolation means 
engages with said ink supply needle inserted in said ink feed hopper, and moves with said ink supply 
needle, The tape member which covers said oscillating section of said piezoelectric device, and 
isolates said oscillating section from the ink in said ink hold space. It and in case the body of 

said recording device is equipped with said ink cartridge, said tape member is pulled by said mobile 
which engages and moves to said ink supply needle, and the cover of said oscillating section by said 
tape member is canceled. 

[0013] Preferably moreover, said ink cartridge Pass the 1st location before facing that the body of 
said recording device is equipped and canceling the cover of said oscillating section by said oscillating 
section isolation means. It is what moves to the 2nd location in the condition that the cover of said 
oscillating section by said oscillating section isolation means was canceled, and the body of said 
recording device was equipped with said ink cartridge. Are in the condition that the body of said 
piezoelectric device and said recording device was electrically connected in said 1st and 2nd 
locations, and it sets in said 1st and 2nd locations. After supplying a driving signal to said piezoelectric 
device and vibrating said oscillating section, it is made as [ transmit / to the body of said recording 
device / the residual vibration signal outputted from said piezoelectric device ]. 
[0014] The Inkjet type recording apparatus according to this invention in order to solve the above- 
mentioned technical problem is the ink cartridge of one of the above. It is characterized by having the 
body of a recording apparatus with which it is equipped with said ink cartridge, and a liquid level 
judging means to judge the liquid level of the ink in said ink cartridge based on the output signal from 
said piezoelectric device. 

[0015] In order to solve the above-mentioned technical problem, the ink jet type recording device by 
this invention The ink cartridge which can drive a piezoelectric device in the 1st and 2nd locations 
mentioned above. The body of a recording apparatus with which it is equipped with said ink cartridge, 
and a liquid level judging means to judge the liquid level of the ink in said ink cartridge based on the 
output signal from said piezoelectric device, A preparation and said liquid level judging means are 
based on the residual vibration signal which originates in the residual vibration of said oscillating 
section after supplying the driving signal to said piezoelectric device in said 1st location and vibrating 
said oscillating section, and is outputted from said piezoelectric device. While measuring the 



http://www4.ipdl.inpitgojp/cgi-~bin/tran_web_cgi^ejje 



2007/07/20 



JR,2002~283586,A [DETAILED DESCRIPTION] 



3/1 5 ^— 



resonance frequency of the residual vibration signal in the condition that ink does not touch said 
oscillating section and memorizing as initial resonance frequency When the resonance frequency of 
the residual vibration signal which originates in the residual vibration of said oscillating section after 
supplying the driving signal to said piezoelectric device in said 2nd location and vibrating said 
oscillating section, and is outputted from said piezoelectric device carries out abbreviation 
coincidence at said initial resonance frequency It is characterized by judging it as that to which the oil 
level of the ink in said ink container fell across the installation location of said oscillating section. 
[0016] Moreover, when said liquid level judging means compares said initial resonance frequency 
measured in said 1st location when equipping said body of a recording device with said ink cartridge 
with said resonance frequency measured in said 2nd location when equipping said body of a recording 
device with said ink cartridge similarly and a significant change is not preferably seen among both, it is 
judged that abnormalities are in said liquid level detection equipment 
[0017] 

[Embodiment of the Invention] Hereafter, it explains with reference to the ink cartridge and ink jet 
type recording device ****** drawing by 1 operation gestalt of this invention. The sign 1 in drawing 1 
is carriage, and this carriage 1 is constituted so that it may show around at the guide member 4 and 
both-way migration may be carried out through the timing belt 3 driven by the carriage motor 2 at the 
shaft orientations of a platen 5. 

[0018] It is equipped with the ink cartridge 7 which an ink jet type recording head is carried in the side 
which counters the record form 6 of carriage 1, and supplies ink to the upper part at a recording head 
removable. 

[0019] The cap member 31 is arranged at the home position (inside of drawing, right-hand side) which 
is the non-printing area of this recording apparatus, and when the recording head carried in carriage 1 
moves to a home position, this cap member 31 is constituted so that it may be pressed against the 
nozzle forming face of a recording head and a closed space may be formed between nozzle forming 
faces. And the pump unit 10 for giving negative pressure to the closed space formed of the cap 
member 31 under the cap member 31, and carrying out cleaning etc. is arranged. 
[0020] And it is arranged so that the wiping means 1 1 equipped with elastic plates, such as rubber, 
can move horizontally near the printing area side in the cap member 31 as opposed to the migration 
locus of a recording head, it faces that carriage 1 carries out both-way migration at the cap member 
31 side, and it is constituted so that the nozzle forming face of a recording head can be wiped away if 
needed. 

[0021] Drawing 2 and drawing 3 show the detail and equal circuit of an actuator 106 as a piezoelectric 
device used in this operation gestalt. This actuator 106 detects change of an acoustic impedance by 
detecting the resonance frequency by residual vibration, and detects the consumption condition of 
the liquid in an ink container. 

[0022] Drawing 2 (A) is the expansion top view of an actuator 1 06. Drawing 2 (B) shows the B-B 
cross section of an actuator 106. Drawing 2 (C) shows the C-C cross section of an actuator 106. 
Furthermore, drawing 3 (A) and drawing 3 (B) show the equal circuit of an actuator 106. Moreover, 
drawing 3 (G) and drawing 3 (D) show the circumference containing the actuator 106 when ink is filled 
in the ink cartridge, respectively, and its equal circuit, and drawing 3 (E) and drawing 3 (F) show the 
circumference containing the actuator 106 in case there is no ink into an ink cartridge, respectively, 
and its equal circuit. 

[0023] The substrate 178 with which an actuator 106 has the opening 161 of a circle configuration in 
the center mostly. It is one field (it is hereafter called a "front face''.) of a substrate 1 78 so that 
opening 161 may be covered. The diaphragm 176 arranged and the piezo-electric layer 160 arranged 
at the front-face side of a diaphragm 176, The up electrode 164 and the lower electrode 166 which 
insert the piezo-electric layer 160 from both, It has the auxiliary electrode 172 which is arranged 
between the up electrode terminal 168 electrically combined with the up electrode 164, the lower 
electrode terminal 170 electrically combined with the lower electrode 166, and the up electrode 164 
and the up electrode terminal 168, and combines both electrically. 

[0024] The piezo-electric layer 160, the up electrode 164, and the lower electrode 166 have a circular 
part as each principal part. And each circular part of the piezo-electric layer 160, the up electrode 
164, and the lower electrode 166 forms the piezoelectric device. 
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[0025] A diaphragm 176 is formed in the front face of a substrate 178 so that opening 161 may be 
covered. A cavity 162 is formed of opening 161, the part of the facing diaphragm 176, and the opening 
161 of a substrate (cavity formation member) 178, With the piezoelectric device, the field (henceforth 
a "rear face") of the substrate 1 78 of the opposite side faces the method of the inside of an ink 
container. Thereby, the cavity 162 is constituted so that a liquid (ink) may be contacted, in addition, 
even if a liquid enters in a cavity 162, a liquid does not leak to the frontH^ace side of a substrate 178 
— as — a diaphragm 176 — a substrate 178 — receiving — liquid — it is attached densely. 
[0026] The lower electrode 166 is located in the front face of a diaphragm 176, The core of a circular 
part and the core of opening 161 which are the principal part of the lower electrode 166 are attached 
so that it may be mostly in agreement. In addition, the area of the circular part of the lower electrode 
166 is set up so that it may become smaller than the area of opening 161. 

[0027] On the other hand, arrangement formation of the piezo-electric layer 160 is carried out at the 
front-face side of the lower electrode 166 so that the core of the circular part and the core of 
opening 161 may be mostly in agreement. In this case, the area of the circular part of the piezo- 
electric layer 160 is set up so that it may become larger than the area of the circular part of the 
lower electrode 166 smaller than the area of opening 161. 

[0028] Arrangement formation is carried out at the front-face side of the piezo-electric layer 160 so 
that the core of a circular part and the core of opening 161 that the up electrode 164 is the principal 
part may be mostly in agreement. The area of the circular part of the up electrode 1 64 is set up so 
that it may become larger than the area of the circular part of the lower electrode 1 66 smaller than 
the area of the circular parts of opening 161 and the piezo-electric layer 160. 
[0029] Therefore, the principal part of the piezo-electric layer 160 has structure inserted and 
crowded from a front-face and rear-face side, respectively by the principal part of the up electrode 
164, and the principal part of the lower electrode 166. Thereby, the deformation drive of the piezo- 
electric layer 160 may be carried out effectively. The circular part which is each principal part of the 
piezo-electric layer 160, the up electrode 164, and the lower electrode 166 forms the piezoelectric 
device in an actuator 106. 

[0030] As mentioned above, this piezoelectric device is in contact with the diaphragm 176, Moreover, 
opening 161 has the largest area among the circular parts of the circular parts of the circular part of 
the up electrode 164, and the piezo-electric layer 160, and the lower electrode 166, and opening 161, 
The oscillating field (field of the oscillating section) which actually vibrates among diaphragms 176 for 
such structure is determined by opening 161. 

[0031] Moreover, a diaphragm 176 is easier to vibrate according to each area of the circular parts of 
the circular part of the up electrode 164 and the piezo-electric layer 160 and the circular part of the 
lower electrode 166 being smaller than the area of opening 161, 

[0032] Furthermore, the circular part of the lower electrode 166 is smaller among the circular part of 
the lower electrode 1 66 electrically connected with the piezo-electric layer 1 60, and the circular part 
of the up electrode 164. Therefore, the circular part of the lower terminal 166 determines the part 
which generates the piezo-electric effect among the piezo-electric layers 160. 
[0033] The core of the circular parts of the piezo-electric layer 160 which forms a piezoelectric 
device, the up electrode 164, and the lower electrode 166 corresponds with the core of opening 161 
mostly, moreover, the core of the opening 161 of a circle configuration of determining the vibrating 
part of a diaphragm 176 — the whole of an actuator 106 — it is mostly located at the core. 
Therefore, the core of the oscillating section of an actuator 1 06 is mostly in agreement with the core 
of an actuator. 

[0034] Furthermore, since the principal part of a piezoelectric device and the vibrating part of a 
diaphragm 176 have a circular configuration, the oscillating section of an actuator 106 is a 
symmetrical configuration to the core of an actuator 106. 

[0035] Thus, to the core of an actuator 1 06, since the oscillating section of an actuator 1 06 is a 
symmetrical configuration, it does not excite an unnecessary vibration which may be produced from 
the asymmetry of structure. For this reason, the detection precision of resonance frequency 
improves. 

[0036] Moreover, since the oscillating section is an isotropic configuration, in the case of adhesion, it 
is hard to be influenced of dispersion in immobilization, and an ink container can be pasted equally. 
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That is, the mounting nature to the ink container of an actuator 106 is good. 

[0037] Furthermore, since the compliance of a diaphragm 176 is large, attenuation of vibration 

becomes small and the precision of detection of resonance frequency can be improved 

[0038] Moreover, the knot of vibration of an actuator 106 is located the periphery section of a cavity 

162, i.e., near the edge of opening 161. 

[0039] The up electrode terminal 168 is formed in the front-face side of a diaphragm 176 so that it 
may connect with the up electrode 164 electrically through an auxiliary electrode 172. On the other 
hand, the lower electrode terminal 170 is formed in the frontH^ace side of a diaphragm 176 so that it 
may connect with the lower electrode 166 electrically. Since the up electrode 164 is formed in the 
front-face side of the piezo-electric layer 160, it needs to have a level difference equal to the sum of 
the thickness of the piezo-electric layer 160, and the thickness of the lower electrode 166 while 
connecting with the up electrode terminal 168. It is difficult to form this level difference only with the 
up electrode 164. Even if it is possible to form a level difference in a loan only with the up electrode 
164, the connection condition of the up electrode 164 and the up electrode terminal 168 becomes 
weak, and there is risk of cutting. Then, the up electrode 1 64 and the up electrode terminal 1 68 are 
connected, using an auxiliary electrode 172 as an auxiliary member. It becomes possible for the piezo- 
electric layer 160 and the up electrode 164 to serve as structure supported by the auxiliary electrode 
172, and to be able to obtain a desired mechanical strength, and to ensure connection between the up 
electrode 164 and the up electrode terminal 168 by doing in this way. 

[0040] In addition, the oscillating field which faces a piezoelectric device and the piezoelectric device 
of the diaphragms 176 is the oscillating section which actually vibrates in an actuator 106. Moreover, 
as for the member contained in an actuator 106, being formed in one is desirable by being calcinated 
mutually. By forming an actuator 106 in one, the handling of an actuator 106 becomes easy. 
[0041] Furthermore, an oscillation characteristic may improve by raising the reinforcement of a 
substrate 178. That is, by raising the reinforcement of a substrate 178, only the oscillating section of 
an actuator 106 vibrates and any parts other than the oscillating section do not vibrate among 
actuators 106. Moreover, in order for any parts other than the oscillating section of an actuator 106 
not to vibrate, while making the piezoelectric device of an actuator 106 thinly and small in addition to 
raising the reinforcement of a substrate 178, it is also effective to make a diaphragm 176 thin. 
[0042] It is desirable to use PZT (PZT), the PZT lanthanum (PLZT), or the lead loess piezoelectric 
film that does not use lead as an ingredient of the piezo-electric layer 1 60. As an ingredient of a 
substrate 178, it is desirable to use a zirconia or an alumina. Moreover, it is desirable to use the same 
ingredient as a substrate 178 for a diaphragm 176. Metals, such as the ingredient which has 
conductivity, for example, gold, silver, copper, platinum, aluminum, and nickel, can be used for the up 
electrode 164, the lower electrode 166, the up electrode terminal 168, and the lower electrode 
terminal 1 70. 

[0043] The predetermined location of the ink container of an ink cartridge 7 is equipped with the 
actuator 106 shown in drawing 2 and drawing 3 so that the liquid (ink) with which a cavity 162 is held 
in an ink container may be contacted. That is, a part of oscillating section [ at least ] of an actuator 
106 is exposed to the hold space of an ink container. When the liquid is fully held in the ink container, 
the inside of a cavity 1 62 and its outside are filled by the liquid. 

[0044] If the liquid of an ink container is consumed and an oil level descends below to the stowed 
position of an actuator, or it will be in the condition that a liquid does not exist in a cavity 162, on the 
other hand, a liquid remains only in a cavity 162 and it will be in the condition that a gas exists on the 
outside. 

[0045] An actuator 106 detects the difference of the acoustic impedance resulting from change of 
this condition. By it, an actuator 106 can detect whether it is in the condition that the liquid is fully 
held in the ink container, or it is in the condition that a certain liquid more than fixed was consumed. 
[0046] Next, the principle of the oiHevel detection by the actuator is explained. An actuator 106 can 
detect change of the acoustic impedance of a liquid using change of resonance frequency. Resonance 
frequency is detectable by measuring back EMF produced by the residual vibration which remains in 
the oscillating section, after the oscillating section of an actuator vibrates. That is, the piezoelectric 
device mentioned above generates back EMF by the residual vibration which remains in the oscillating 
section of an actuator. The magnitude of back EMF changes with the amplitude of the oscillating 
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section of an actuator. Therefore, detection is so easy that the amplitude of the oscillating section of 
an actuator is large. 

[0047] Moreover, the period from which the magnitude of back EMF changes changes with the 
frequency of the residual vibration in the oscillating section of an actuator. That is, the frequency of 
the oscillating section of an actuator is equivalent to the frequency of back EMF, Here, resonance 
frequency says the frequency in the resonance state with the medium which touches the oscillating 
section and the oscillating section of an actuator. 

[0048] The oscillating field of an actuator 106 is a part which constitutes the cavity 162 determined 
by opening 161 among diaphragms 176. When the liquid is fully held in the ink container, in a cavity 
162, a liquid is filled and the oscillating field touches the liquid in an ink container. On the other hand, 
when there is no enough liquid into an ink container, an oscillating field does not contact a liquid in 
contact with the liquid which remained in the cavity in an ink container, but contacts a gas or a 
vacuum. 

[0049] Here, the actuation and the principle which detect the condition of the liquid in an ink 
container are explained from the resonance frequency of the medium and the oscillating section of an 
actuator 106 which are obtained by measurement of back EMF, referring to drawing 2 and drawing 3 . 
[0050] In an actuator 106, an electrical potential difference is impressed to the up electrode 164 and 
the lower electrode 166 through the up electrode terminal 168 and the lower electrode terminal 170, 
respectively. For this reason, electric field arise into the part pinched by the up electrode 164 and the 
lower electrode 166 among the piezo-electric layers 160. The piezo-electric layer 160 deforms by this 
electric field. When the piezo-electric layer 160 deforms, the oscillating field of the diaphragms 176 
oscillates flexurally. After the piezo-electric layer 160 deforms, flexural oscillation remains in the 
oscillating section of an actuator 106 for the time being. 

[0051] Residual vibration is the free vibration of the oscillating section of an actuator 106, and a 
medium. Therefore, the resonance state of the oscillating section after impressing an electrical 
potential difference, and a medium can be easily acquired by making into pulse shape or a square 
wave the electrical potential difference impressed to the piezo-electric layer 160. Residual vibration is 
vibration of the oscillating section of an actuator 106, and is accompanied by deformation of the 
piezo-electric layer 160. For this reason, the piezo-electric layer 160 generates back EMF. This back 
EMF is detected through the up electrode 164, the lower electrode 166, the up electrode terminal 168, 
and the lower electrode terminal 170. Resonance frequency can be specified according to detected 
back EMF. Based on this resonance frequency, the existence of the liquid in an ink container is 
detectable. 

[0052] Generally, it is resonance frequency fs. fs=1/(2*pi*(M*Cact) 1/2) (formula 1) 

It is come out and expressed. Here, M is the sum of the inertance Mact of the oscillating section, and 

addition inertance M'. Cact is the compliance of the oscillating section. 

[0053] Drawing 2 (C) is the sectional view of the actuator 106 when ink does not remain in a cavity 
162 in this operation gestalt. Drawing 3 (A) and drawing 3 (B) are the oscillating section of the 
actuator 106 when ink does not remain in a cavity 162, and the equal circuit of a cavity 162. 
[0054] Mact should ** the product of the thickness of the oscillating section, and the consistency of 
the oscillating section in the area of the oscillating section, and should show it to a detail at drawing 3 
(A). Mact=Mpzt+Melectrode1+Melectrode2-»-Mvib (formula 2) 
It is expressed. 

[0055] Here, Mpzt ** the product of the thickness of the piezo-electric layer 1 60 and the consistency 
of the piezo-electric layer 160 in the oscillating section in the area of the piezo-electric layer 160. 
Melectrodel ** the product of the thickness of the up electrode 1 64 and the consistency of the up 
electrode 1 64 in the oscillating section in the area of the up electrode 1 64. Melectrode2 the 
product of the thickness of the lower electrode 166 and the consistency of the lower electrode 166 in 
the oscillating section in the area of the lower electrode 166. Mvib ** the product of the thickness of 
a diaphragm 176 and the consistency of a diaphragm 176 in the oscillating section in the area of the 
oscillating field of a diaphragm 176. 

[0056] However, although each area of the oscillating field of the piezo-electric layer 160, the up 
electrode 164, the lower electrode 166, and a diaphragm 176 has the above size relation so that Mact 
can be computed from the thickness, the consistency, and area as the whole oscillating section, the 
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minute thing of the difference of a mutual area is desirable. 

[0057] Moreover, as for parts other than the circular part which are those principal parts, in this 
operation gestalt, it is desirable in the piezo^electric layer 160, the up electrode 164, and the lower 
electrode 1 66 that it is so minute that it can ignore to the principal part. Therefore, in an actuator 
106, Mact is the sum of each inertance of the up electrode 164, the lower electrode 166, the piezo- 
electric layer 160, and the oscillating field of the diaphragms 176. Moreover, Compliance Cact is the 
compliance of the part formed of the up electrode 164, the lower electrode 166, the piezo-electric 
layer 1 60, and the oscillating field of the diaphragms 1 76. 

[0058] In addition, although drawing 3 (A), drawing 3 (B), drawing 3 (D), and drawing 3 (F) show the 
oscillating section of an actuator 106, and the equal circuit of a cavity 162, in these equal circuits, 
Cact shows the compliance of the oscillating section of an actuator 106. Cpzt, Celectrodel and 
Celectrode2, and Cvib show the compliance of the piezo-electric layer 160 in the oscillating section, 
the up electrode 164, the lower electrode 166, and a diaphragm 176, respectively. Cact is expressed 
with the following formulas 3. 

1 /Cact=(1 /Cpzt)+(1 /Celectrodel )+(1 /Gelectrode2) 
+ 1 -/Cvib (formula 3) 

From a formula 2 and a formula 3, drawing 3 (A) can also be expressed like drawing 3 (B). 
[0059] Compliance Cact expresses the volume of the medium which can be received according to the 
deformation when putting a pressure on an unit area. That is, Compliance Cact expresses the ease of 
carrying out of deformation. 

[0060] A liquid is fully held in an ink container and drawing 3 (C) shows the sectional view of the 
actuator 106 in case the liquid is filled around the oscillating field of an actuator 106. A liquid is fully 
held in an ink container and M'max of drawing 3 (C) expresses the maximum of an addition inertance 
(what **(ed) the additional mass (mass which affects vibration of an oscillating field) by the square of 
area) in case the liquid is filled around the oscillating field of an actuator 106. M'max M'max=(pi^rho/ 
(2*k3)) * (2*(2*k*a) 3/(3*pi))/(pi*a 2) 2 (formula 4) 

(a is [ the consistency of a medium and k of the radius of the oscillating section and rho ] the wave 
numbers.) — it is expressed. 

[0061] In addition, a formula 4 is materialized when the radius a of the oscillating field of an actuator 
106 is circular. Addition inertance M' is an amount which shows that the mass of the oscillating 
section is increasing seemingly by the medium near the oscillating section. As shown in a formula 4, 
M'max changes with the radius a of the oscillating section, and the consistencies rho of a medium a 
lot. 

[0062] Wave number k k=2* pi*fact/c (formula 5) 

(fact is the resonance frequency of the oscillating section.) c is the rate of the sound which spreads 
the inside of a medium. It is expressed. 

[0063] A liquid is fully held in an ink container and drawing 3 (D) shows the oscillating section of the 
actuator 106 in the case of being drawin g 3 (C) with which the liquid is filled around the oscillating 
field of an actuator 106, and the equal circuit of a cavity 162. 

[0064] Although the liquid of an ink container is consumed and drawing 3 (E) does not have a liquid 
around the oscillating field of an actuator 106, in the cavity 162 of an actuator 106, the sectional view 
of the actuator 106 when the liquid remains is shown. 

[0065] A formula 4 is a formula showing the greatest inertance M'max determined from the 
consistency rho of ink etc., when the liquid is filled by the ink container. Generally addition inertance 
M' when the liquid a liquid is around the oscillating field of an actuator 106 on the other hand, the 
liquid in an ink container being consumed and remaining in a cavity 162 is permuted by the gas or the 
vacuum is M*= rho*t/S. (formula 6) 

It can express (in detail the formula 8 below-mentioned reference). Here, t is the thickness of the 
medium in connection with vibration. S is the area of the oscillating field of an actuator 106. It is 
S=pi^a 2 when the radius a of an oscillating field is circular. 

[0066] Therefore, addition inertance M' follows a formula 4, when a liquid is fully held in an ink 
container and the liquid is filled around the oscillating field of an actuator 106. On the other hand, a 
liquid is consumed, and a formula 6 is followed when the liquid around the oscillating field of an 
actuator 106 is permuted by the gas or the vacuum, a liquid remaining in a cavity 162. 



http://www4.ipdl.inpit.go jp/cgi-bin/tran^web_cgi_ejje 



2007/07/20 



JP,2002-283586,A [DETAILED DESCRIPTION] 



8/15 ^— V 



[0067] Here, although the liquid of an ink container is consumed and there is no liquid around the 
oscillating field of an actuator 106 like drawing 3 (E), addition inertance M' when the liquid remains in 
the cavity 162 of an actuator 106 is made into M'cav for convenience, and is distinguished from 
addition inertance M'max in case the liquid is filled around the oscillating field of an actuator 106- 
[0068] Although the liquid of an ink container is consumed and drawing 3 (F) does not have a liquid 
around the oscillating field of an actuator 106, in the cavity 162 of an actuator 106, the oscillating 
section of the actuator 106 in the case of being drawing 3 (E) in which the liquid remains, and the 
equal circuit of a cavity 1 62 are shown. 

[0069] Here, the parameters related to the condition of a medium are the consistency rho of a 
medium, and thickness [ of a medium ] t in a formula 6. When the liquid is fully held in the ink 
container, a liquid contacts the oscillating section of an actuator 106. On the other hand, when the 
liquid is not fully held in the ink container, a liquid remains inside a cavity or a gas or a vacuum 
contacts the oscillating section of an actuator 106. The surrounding liquid of an actuator 106 is 
consumed and addition inertance M'var in the process which shifts to M'cav of drawing 3 (E) changes 
with the hold conditions of the liquid in an ink container from M'max of drawing 3 (C) in connection 
with thickness t of the consistency rho of a medium and a medium changing. Thereby, resonance 
frequency fs also changes. Therefore, the amount of the liquid in an ink container is detectable by 
specifying resonance frequency fs. 

[0070] As shown in drawing 3 (E), when it considers as t=d here and M'cav is expressed using a 
formula 6, depth d of a cavity is substituted for t of a formula 6, and it is M cav=rho*d/S. (formula 7) 
It becomes. 

[0071] Moreover, if a medium is a liquid with which classes differ mutually, since a consistency rho 
changes with differences in a presentation, addition inertance M' differs from resonance frequency fs. 
Therefore, the class of liquid is detectable by specifying resonance frequency fs. 
[0072] Draw ing 4 (A) is a graph which shows relation with the resonance frequency fs of the amount 
of the ink in an ink tank, ink, and the oscillating section. Here, ink is explained as one example of a 
liquid. An axis of ordinate shows resonance frequency fs, and an axis of abscissa shows the amount of 
ink. When an ink presentation is fixed, resonance frequency fs rises with the fall of an ink residue. 
[0073] When ink is fully held in an ink container and ink is filled around the oscillating field of an 
actuator 106, the maximum addition inertance M'max serves as a value expressed to a formula 4. On 
the other hand, when ink is not filled around the oscillating field of an actuator 106, ink being 
consumed and ink remaining in a cavity 162, it is addition inertance M'var. It is computed by the 
formula 6 based on thickness t of a medium. The process in which ink is consumed gradually is also 
detectable by t in a formula 6 being small in d (referring to drawing 2 (B)) of the cavity 1 62 of the 
actuator 106 with which ink remains since it is the thickness of the medium in connection with 
vibration, namely, making a substrate 178 thin enough (refer to drawing 3 (C)). Here, tink considers as 
the thickness of the ink in connection with vibration, and sets tink-max to tink in M'max. 
[0074] For example, an actuator 106 is arranged almost horizontally to the oil level of ink on the base 
of an ink cartridge. In this case, if ink is consumed and the oil level of ink becomes below the height of 
tink-max from an actuator 106, M Var will change with formulas 6 gradually and resonance frequency 
fs will change with formulas 1 gradually. Therefore, as long as the oil level of ink is within the limits of 
t, as for an actuator 1 06, the consumption condition of ink is detectable gradually. 
[0075] Or an actuator 106 may be arranged almost perpendicularly by the side attachment wall of an 
ink cartridge to the oil level of ink. In this case, if ink is consumed and the oil level of ink arrives at the 
oscillating field of an actuator 106, addition inertance M' will decrease with the fall of water level. 
Thereby, resonance frequency fs increases gradually by the formula 1. Therefore, as long as the oil 
level of ink is within the limits of diameter 2a (refer to drawing 3 (0)) of a cavity 162, as for an 
actuator 106, the consumption condition of ink is detectable gradually. 

[0076] The curve X of drawing 4 (A) expresses relation with the resonance frequency fs of the 
amount of the ink held in the ink tank the case where the cavity 162 of the actuator 106 arranged on 
the base is made shallow enough, and at the time of making greatly enough or long the oscillating field 
of the actuator 106 arranged at the side attachment wall, ink, and the oscillating section. While the 
amount of the ink in an ink tank decreases, he can understand signs that the resonance frequency fs 
of ink and the oscillating section changes gradually. 
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[0077] The case where the process in which ink is consumed gradually is detectable in a detail is a 
case where both the liquids and gases from which a consistency differs mutually exist, and it is 
concerned with vibration, in the circumference of the oscillating field of an actuator 106 more. While 
liquids decrease in number, a gas increases the medium on the circumference of an oscillating field of 
an actuator 106, and in connection with vibration, as ink is consumed gradually. 

[0078] For example, it is the case where an actuator 106 is horizontally arranged to the oil level of ink, 
and is tink. When smaller than tink-max, the medium in connection with vibration of an actuator 106 
contains both ink and a gas. Therefore, when the condition of having become below M'max of a 
formula 4 is expressed with the additional mass of ink and a gas using the area S of the oscillating 
field of an actuator 106, it is. M'=M air+M'ink= rho air*tair/S+rho ink*tink/S (formula 8) 
It becomes. Here, M'air is the inertance of air and M'ink is the inertance of ink rhoair is the 
consistency of air and rhoink is the consistency of ink. tair is the thickness of the air in connection 
with vibration, and tink is the thickness of the ink in connection with vibration. 

[0079] When the actuator 106 is arranged almost horizontally to the oil level of ink as liquids decrease 
in number among the media in connection with the vibration in the circumference of an oscillating field 
of an actuator 106 and a gas increases, tair increases and tink decreases. By it, MVar decreases 
gradually and resonance frequency increases gradually. Therefore, the amount of the ink which 
remains in an ink tank, or the consumption of ink is detectable. In addition, in a formula 7, it is the 
formula of only the consistency of a liquid because the case of being so small that the consistency of 
air being disregarded is assumed to the consistency of a liquid. 

[0080] When the actuator 106 is arranged almost perpendicularly to the oil level of ink, the media in 
connection with vibration of an actuator 106 are considered to be the field of only ink, and the equal 
circuit (not shown) of juxtaposition of the medium in connection with vibration of an actuator 106 with 
a gaseous field among the oscillating fields of an actuator 106. If the medium in connection with 
vibration of an actuator 106 sets area of the field of only ink to Sink and the medium in connection 
with vibration of an actuator 106 sets area of a gaseous field to Sair 1/M -1/M'air+1/M'ink=Sair/ 
(rhoair*tair) '^Sink/(rhoink*tink) (formula 9) 
It becomes. 

[0081] In addition, a formula 9 is applied when ink is not held at the cavity of an actuator 106. It is 
M'cav of M' and a formula 7 according to a formula 9 about an addition inertance in case ink is held at 
the cavity of an actuator 106. It is calculable with the sum. 

[0082] Vibration of an actuator 106 cannot detect the process in which ink decreases in number 
gradually, when the actuator 106 is arranged on the base with extent with the depth slightly smaller 
than tink-max in which ink remains, since it changes to depth d to which ink remains from the depth 
of tink-max. In this case, it detects that the amount of ink changed from oscillating change of the 
actuator in the slight amount change of ink to depth d which remains from tink-max. Moreover, since 
oscillating change of an actuator when the path of opening (cavity) is small, while it is arranged on a 
side face, and passing opening is a minute amount, it is difficult to detect the amount of ink of a 
passage process, and a liquid ink side detects a top [ opening ] or the bottom. 

[0083] For example, the curve Y of drawing 4 (A) shows relation with the resonance frequency fs of 
the amount of the ink in the ink tank in the case of a small circular oscillating field, ink, and the 
oscillating section. Between the differences Q of the amount of ink before and after the oil level of 
the ink in an ink tank passes through the stowed position of an actuator, signs that the resonance 
frequency fs of ink and the oscillating section is changing violently are shown. From this, it is 
detectable in an ink tank whether ink is carrying out specified quantity survival in binary. 
[0084] Since the method of detecting the existence of a liquid using an actuator 106 detects the 
existence of ink because a diaphragm 176 contacts a liquid and directly, compared with the approach 
of calculating the consumption of ink with software, its detection precision is high. Furthermore, 
although the approach conductivity detects the existence of ink using an electrode may be influenced 
according to the attaching position of the electrode to an ink container, and the class of ink, the 
approach of detecting the existence of a liquid using an actuator 106 is hard to be influenced 
according to the attaching position of the actuator 106 to an ink container, and the class of ink. 
[0085] Furthermore, since the both sides of an oscillation and detection of the existence of a liquid 
can be carried out using the single actuator 106, as compared with the approach of carrying out 
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oscillation and detection of the existence of a liquid using a different sensor, the number of the 
sensors attached in an ink container can be decreased. Therefore, an ink container with a volume 
detection function can be manufactured cheaply. In addition, it is desirable that it is [ sound / which 
an actuator 106 generates working ] quiet by setting the oscillation frequency of the piezo-electric 
layer 160 as a non^audible field. 

[0086] Drawing 4 (B) shows an example of relation with the resonance frequency fs of the 
consistency of ink, ink, and the oscillating section. Here, ink is explained as an example of a liquid, and 
"ink and "ink sky" (or "with no ink") mean two relative conditions, and do not mean the so—called 
ink full condition and ink, and a condition. As shown in drawing 4 (B), when an ink consistency is high, 
since an addition inertance becomes large, resonance frequency fs falls. That is, resonance frequency 
fs changes with classes of ink. Therefore, in case it is re-filled up with ink by measuring resonance 
frequency fs, it can check whether the ink in which consistencies differed is mixed. That is, the ink 
tank which holds the ink in which classes differ mutually is discriminable. 

[0087] Then, when the size and the configuration of a cavity are set up so that a liquid may remain in 
the cavity 162 of an actuator 106 even if the liquid in an ink container is the state of the sky, the 
conditions which can detect the condition of a liquid correctly are explained in full detail. If the 
condition of a liquid can be detected when the liquid is filled in the cavity 162, an actuator 106 can 
detect the condition of a liquid, even if it is the case where the liquid is not filled in the cavity 1 62. 
[0088] Resonance frequency fs is a function of Inertance M. Inertance M is the sum of the inertance 
Mact of the oscillating section, and addition inertance M'. Here, addition inertance M' is related to the 
condition of a liquid. Addition inertance M' is an amount which shows that the mass of the oscillating 
section is increasing seemingly by the medium near the oscillating section. That is, the increment of 
the mass of the oscillating section by what (the inertance in connection with vibration increases) a 
medium is seemingly absorbed for by vibration of the oscillating section is said. 

[0089] Therefore, M'cav M'max in a formula 4 When large, all the media absorbed seemingly are liquids 
which remain in a cavity 162. Therefore, it is the same as the condition that the liquid is filled in the 
ink container. In this case, the medium in connection with vibration is M'max. Since it does not 
become small, change is undetectable even if ink is consumed. 

[0090] On the other hand, when M'cav is smaller than M' max in a formula 4, the medium absorbed 
seemingly is the gas or vacuum in the liquid which remains in a cavity 162, and an ink container. Since 
M' changes unlike the condition that the liquid is filled in the ink container at this time, resonance 
frequency fs changes. Therefore, an actuator 106 can detect the condition of the liquid in an ink 
container. 

[0091] That is, the liquid in an ink container is the state of the sky, and when a liquid remains in the 
cavity 162 of an actuator 106, the conditions on which an actuator 106 can detect the condition of a 
liquid correctly are that M'cav is smaller than M'max. In addition, condition M'max>M'cav to which an 
actuator 106 can detect the condition of a liquid correctly is not concerned with the configuration of 
a cavity 162. 

[0092] Here, it is M'cav. It is the mass inertance of the liquid of a capacity almost equal to the 
capacity of a cavity 162. Therefore, M'max >M'cav From inequality, an actuator 106 can express the 
conditions which can detect the condition of a liquid correctly as conditions for the capacity of a 
cavity 162, For example, when the radius of the opening 161 of the cavity 162 of a circle configuration 
is set to a and the depth of a cavity 162 is set to d, it is M'max>rho*d/pi a2. (formula 10) 
It comes out. When a formula 10 is developed, it is a/d>3*pi/8. (formula 11) 

The conditions to say are searched for. Therefore, if it is the actuator 106 which has the cavity 162 
which are the radius a of the opening 161 which fills a formula 11, and depth [ of a cavity 162 ] d, 
even if the liquid in an ink container is the state of the sky and it is the case where a liquid remains in 
a cavity 162, the condition of a liquid can be detected, without incorrect-operating. 
[0093] In addition, when the configuration of a cavity 162 is circular, a formula 10 and a formula 1 1 are 
restricted and are materialized. The formula of M'max which corresponds when the configuration of a 
cavity 162 is not circular is used, and it is pia2 in a formula 10. If it calculates by replacing with the 
area, the relation between dimensions, such as width of face of a cavity and die length, and the depth 
can be drawn. 

[0094] In addition, it can be said that the approach of measuring back EMF generated in an actuator 



http://www4.ipdl. inpit.go.jp/cgi-bin/tran^web_cgi^ejye 



2007/07/20 



JP,2002-283586,A [DETAILED DESCRIPTION] 



11/15 ^— V? 



106 by residual vibration has detected change of an acoustic impedance at least since addition 
inertance M* also influences an acousticHmpedance property. 

[0095] Drawing 5 (A) And drawing 5 (B) shows the wave of the residual vibration of an actuator 106 
after supplying the driving signal to the actuator 106 and vibrating the oscillating section, and the 
measuring method of residual vibration. The upper and lower sides like the liquid ink in the stowed 
position level of the actuator 106 in an ink cartridge are detectable with frequency change of the 
residual vibration after an actuator 106 oscillates, and change of the amplitude. Drayyin^ 5 (A) And in 
drawing 5 (B), an axis of ordinate shows the electrical potential difference of back EMF generated by 
the residual vibration of an actuator 1 06, and an axis of abscissa shows time amount. By the residual 
vibration of an actuator 106, it is drawing 5 (A). And as shown in drawing 5 (B), the wave of the analog 
signal of an electrical potential difference occurs. Next, an analog signal is changed into the digital 
numeric value corresponding to the frequency of a signal (binarization). In the example shown in 
drawing 5 (A) and drawing 5 (B), the time amount which four pulses to 8 pulse eye produce from 4 
pulse eye of an analog signal is measured. 

[0096] More, in a detail, after an actuator 106 oscillates, the count which crosses the predetermined 
reference voltage set up beforehand from a low-battery side to a high~voltage side is counted. And 
the digital signal which set the between from four counts to eight counts to High is generated, and the 
time amount from four counts to eight counts is measured by the predetermined clock pulse. 
[0097] Drawing 5 (A) is a wave in case a liquid ink side is in a high order rather than the stowed 
position level of an actuator 106. On the other hand, drawing 5 (B) is a wave in case there is no ink in 
the stowed position level of an actuator 106. When drawing 5 (A) is compared with dr awing 5 (B), in 
drawing 5 (A), a ******** understands the time amount from four counts to eight counts from 
drawing 5 (B). A paraphrase changes the duration from four counts to eight counts by the existence 
of ink. The consumption condition of ink is detectable using a difference of this duration. 
[0098] After vibration of an actuator 106 is stabilized, it counts for beginning measurement from 4 
count eye of an analog wave. What it was presupposed that it is from 4 count eye is a mere example, 
and may count from the count of arbitration. Here, the signal from 4 count eye to 8 count eye was 
detected, and the time amount from 4 count eye to 8 count eye is measured by the predetermined 
clock pulse. It can ask for resonance frequency based on this time amount. There is no need that a 
clock pulse measures the time amount to 8 count eye, and it may be counted to the count of 
arbitration. In drawing 5 , although the time amount from 4 count eye to 8 count eye is measured, 
according to the circuitry which detects a frequency, the time amount in a different counting interval 
may be detected. 

[0099] For example, when fluctuation of the amplitude of a peak is small, in order the quality of ink is 
stable, and to gather the rate of detection, you may ask for resonance frequency by detecting the 
time amount from 4 count eye to 6 count eye. Moreover, the quality of ink is unstable, and when 
fluctuation of the amplitude of a pulse is large, in order to detect residual vibration correctly, the time 
amount from 4 count eye to 1 2 count eye may be detected. 

[0100] Drawing 6 is the perspective view showing the configuration which used the actuator 106 as 
the attachment module object 100, and really formed it. The appointed number place of the ink 
container 1 of an ink cartridge is equipped with the module object 100. By [ in liquid ink ] detecting 
change of an acoustic impedance at least, the module object 100 is constituted so that the 
consumption condition of the liquid in a container 1 may be detected. 

[0101] The module object 100 of this operation gestalt has the ink container attachment section 101 
for attaching an actuator 106 in the ink container 1. The ink container attachment section 101 has the 
cylinder section 1 16 on the pedestal 102 in which a flat surface holds mostly the rectangular pedestal 
102 and the actuator 106 oscillated with a driving signal. Moreover, when an ink cartridge is equipped, 
the module object 100 is constituted so that the actuator 106 of the module object 100 cannot 
contact from the outside. Thereby, an actuator 106 can be protected from external contact. In 
addition, the radius of circle is attached, and in case the hole formed in the ink cartridge is equipped, 
it is easy to insert in the tip side edge of the cylinder section 116. 

[0102] Drawing 7 is the exploded view of the module object 100 shown in drawing 6 . The module 
object 100 contains the ink container attachment section 101 which consists of resin, and the 
piezoelectric device applied part 105 (refer to draw ing 6 ) which has a plate 110 and a crevice 113. 
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Furthermore, the module object 100 has reed wires 104a and 104b, an actuator 106, and a film 108. 
Preferably, a plate 110 is formed from ingredients which cannot rust easily, such as stainless steel or 
a stainless alloy. 

[0103] While opening 1 14 is formed in a core so that the cylinder section 116 and the pedestal 102 
which are included in the ink container attachment section 101 can hold reed wires 104a and 104b, 
the crevice 1 13 is formed in the perimeter of opening 1 14 so that an actuator 106, a film 108, and a 
plate 110 can be held. 

[0104] An actuator 106 is joined to a plate 110 through a film 108, and a plate 110 and an actuator 
106 are fixed to a crevice 113 (ink container attachment section 101). Therefore, reed wires 104a and 
104b, an actuator 106, a film 108, and a plate 110 are attached in the ink container attachment 
section 101 as one. 

[0105] While reed wires 104a and 104b combine with the up electrode of an actuator 106, and a lower 
electrode, respectively and transmit a driving signal to a piezo-electric layer, they transmit the signal 
of the resonance frequency which the actuator 106 detected to a recording device etc. 
[0106] An actuator 106 is temporarily oscillated based on the driving signal transmitted from reed 
wires 104a and 104b. Moreover, residual vibration of the actuator 106 is carried out after an 
oscillation, and it generates back EMF by the vibration. At this time, the resonance frequency 
corresponding to the consumption condition of the liquid in an ink container is detectable by detecting 
the period of vibration of the back EMF wave. 

[0107] a film 108 — an actuator 106 and a plate 110 — pasting up — an actuator — liquid — it is 
made dense. As for a film 108, it is desirable to form with polyolefine etc. and to paste up by thermal 
melting arrival. By pasting up an actuator 106 and a plate 1 10 in the shape of a field with a film 108, 
and fixing, dispersion by the location of adhesion is lost and any parts other than the oscillating 
section do not vibrate. Therefore, even if it pastes up an actuator 106 on a plate 110, the oscillation 
characteristic of an actuator 106 does not change. 

[0108] In addition, a plate 110 is a circle configuration and the opening 114 of a pedestal 102 is 
formed in the shape of a cylinder. The actuator 106 and the film 108 are formed in the shape of a 
rectangle. Reed wires 104a and 104b, an actuator 106, a film 108, and a plate 110 are good also as 
removable to a pedestal 102. A pedestal 102, reed wires 104a and 104b, the actuator 106, the film 
108, and the plate 110 are arranged to the medial axis of the module object 100 at the symmetry, 
moreover, the core of a pedestal 102, an actuator 106, a film 108, and a plate 110 — the module 
object 100 — it is mostly arranged on the medial axis. 

[0109] Moreover, the area of the opening 1 14 of a pedestal 102 is formed more greatly than the area 
of the oscillating field of an actuator 106. The through tube 1 12 is formed in the location which faces 
the oscillating section of an actuator 106 at the core of a plate 1 10. As shown in drawing 2 and 
drawing 3 , the cavity 162 is formed in the actuator 106 and a through tube 112 and a cavity 162 form 
both ink reservoirs. In order to lessen effect of residual ink, compared with the path of a through tube 
112, the small thing of the thickness of a plate 1 10 is desirable. For example, as for the depth of a 
through tube 112, it is desirable that it is 1/3 or less magnitude of the path, a through tube 1 12 is the 
symmetry to the medial axis of the module object 100 — it is the configuration of a perfect circle 
mostly. Moreover, the area of a through tube 1 12 is larger than the opening area of the cavity 162 of 
an actuator 106. The periphery of the cross section of a through tube 112 may be a taper 
configuration, and may be a step configuration. 

[01 10] The flank, the upper part, or the pars basilaris ossis occipitalis of the ink container 1 is 
equipped with the module object 100 so that a through tube 112 may turn to the inside of the ink 
container 1. If ink is consumed and the ink of the actuator 106 circumference is lost, based on the 
resonance frequency of an actuator 106 changing a lot, liquid level change of ink is detectable. 
[011 1] Drawing 8 is a sectional view near [ when equipping the ink container 20 of an ink cartridge 7 
with the module object 100 shown in drawing 6 ] the pars basilaris ossis occipitalis of the ink 
container 20. The through tube formed in the side attachment wall of the ink container 20 is equipped 
with the module object 100. O ring 90 is formed in the plane of composition of the side attachment 
wall of the ink container 20, and the module object 100, and **** of the module object 100 and the 
ink container 20 is maintained at it. Thus, since a seal is made with O ring 90, as for the module object 
100, it is desirable to have the cylinder section which was explained by drawing 6 . 
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[0112] The ink in the ink container 20 contacts an actuator 106 through the through tube 1 12 of a 
plate 110 because the tip of the module object 100 is exposed to the interior of the ink container 20. 
With a liquid or a gas, since the resonance frequency of the residual vibration of an actuator 106 
differs, the perimeter of the oscillating section of an actuator 106 can detect the consumption 
condition of ink using the module object 100. 

[01 13] Drawing 9 is drawing having shown the system configuration for the principal part of the ink jet 
type recording device by this operation gestalt As mentioned above, an ink cartridge 7 is equipped 
with an actuator (piezoelectric device) 106, and this actuator 106 has the oscillating section which 
may expose at least a part to the ink hold space of an ink cartridge 7, and has the function which 
outputs the signal of back EMF according to the vibrational state of said oscillating section with the 
function to vibrate said oscillating section in response to a driving signal. 

[0114] The body 200 of a control device consists of computers which control an ink jet type recording 
device. The body 200 of a control device may be formed in the ink jet recording device, or the part or 
all the functions of the body 200 of a control device may be prepared in external devices, such as 
other computers connected to the ink jet type recording device. Furthermore, the function of some 
bodies 200 of a control device may be stored in the record media 203, such as a compact disk, as a 
program, and may be supplied through the input units 204, such as drive equipment. 
[0115] The body 200 of a control unit is equipped with a liquid level judging means 201 to have the 
liquid level judging section 202 and the abnormality judging section 205. The liquid level judging section 
202 of the liquid level judging means 201 judges the liquid level of the ink in an ink cartridge 7 based 
on the resonance frequency of the residual vibration signal which originates in the residual vibration of 
the oscillating section after supplying the driving signal to the actuator 106 and vibrating the 
oscillating section, and is outputted from an actuator 106. The liquid level judging section 202 
measures the resonance frequency of a residual vibration signal by measuring the duration of the 
count initiation point in time of a pulse number to the time of counting the pulse of a predetermined 
number while measuring the number of the pulses for example, in a residual vibration signal. The ink 
end of an ink cartridge 7 can be judged by the liquid level judging section 202. 

[0116] The liquid level judging section 202 of the liquid level judging means 201 can judge whether the 
oil level of ink passed through the location of the oscillating section of a piezoelectric device 106 
using the resonance frequency of a residual vibration signal changing by the case where a liquid does 
not exist in a cavity 162 as shown in drawing 2 (C), and the case where not only the part of a cavity 
162 but its front is filled with the liquid as shown in drawing 3 (C). 

[01 17] The body 200 of a control unit contains further the printing actuation control section 207, the 
print-data storage section 208, and the consumption information presentation section 209 which 
control the printing right hand side 206. The consumption information presentation section 209 shows 
a user the consumption status information which the liquid level judging means 201 detected using a 
display 210 and a loudspeaker 211. For example, the graphic form which shows a consumption 
condition to a display 210 is displayed, and the information sound or synthesized speech which shows 
an ink residue is outputted from a loudspeaker 211. Suitable actuation may be guided by synthesized 
speech. 

[0118] A consumption condition may be shown in response to a demand of a user. Moreover, suitable 
spacing is set and it may be shown periodically. Moreover, it may be shown when a suitable event, for 
example, events, such as printing initiation, arises. Moreover, when an ink residue becomes a 
predetermined threshold (for example, threshold equivalent to an ink end), it may be shown 
automatically. 

[0119] Next, with reference to drawing 10 and drawing 1 1 , the oscillating section isolation means of 
the liquid level detection equipment in this operation gestalt is explained. 

[0120] When it equips a cartridge holder with an ink cartridge 7 while an ink cartridge 7 is equipped 
with an oscillating section isolation means and it isolates the oscillating section of an actuator 
(piezoelectric device) 106 from the ink in ink hold space before the beginning of using of an ink 
cartridge 7, it cancels isolation from the ink in ink hold space, and contacts the oscillating section of 
an actuator 106 in ink. 

[0121] As shown in drawing 10 , the oscillating section isolation means 60 has the mobile 61 which 
engages with the ink supply needle 40 inserted in the ink feed hopper 21, and moves with the ink 
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supply needle 40, and the tape member 62 which covers the oscillating section of an actuator 106 and 
isolates the oscillating section from the ink in ink hold space. As the part by the side of the end of the 
tape member 62 covered the oscillating section, it has pasted it up on the inside of the ink container 
20 of an ink cartridge 7, and the other end of the tape member 62 has fixed to the mobile 61. 
Moreover, the tape member 62 is guided by the tape guide 63. 

[0122] As shown in drawing 1 1 , it has the annular member 64 and three Sai chief engagement 
members 65 which protruded on the inferior surface of tongue of this annular member 64, and the 
point 66 of three Sai chief engagement members 65 curves inside, and the mobile 61 is constituted so 
that the tip of the ink supply needle 40 may be caught. Three through tubes 67 are formed in the 
annular member 64. and as shown in drawing 10 , three bearing bars 68 set up by the base of the ink 
container 20 are inserted in each through tube 67, and it is constituted so that vertical actuation of a 
mobile 61 may be guided by the bearing bar 68. 

[0123] And in case a cartridge holder is equipped with an ink cartridge 7, the tape member 62 is pulled 
by the mobile 61 which engages with the ink supply needle 40 and moves up, and the cover of the 
oscillating section of the piezoelectric device 106 by the tape member 62 is canceled. In that case, it 
is constituted so that the stopper section 69 formed in the end of the tape member 62 may be caught 
in a tape guide 63. 

[0124] The situation just before drawing 12 equips with an ink cartridge 7 the cartridge holder 50 
formed on the carriage 1 of a recording apparatus is shown typically, and drawing 13 shows typically 
the situation after equipping the cartridge holder 50 with an ink cartridge 7. Although the cartridge 
holder 50 (only henceforth a "holder") arranged at carriage 1 is generally equipped with two or more 
ink cartridges 7 at a juxtaposition condition, one of the cartridges [ them ] 7 is shown in drawing 12 . 
[0125] The ink hold space in a cartridge 7 is filled up with ink, and it is constituted so that ink can be 
derived from the ink feed hopper 21 formed in the lower base section of a cartridge 7. 
[0126] The electrode terminals (or electrode terminal block) 22 and 23 of the pair as an access 
terminal to a piezoelectric device 106 are arranged at the cartridge 7. the path of insertion of a 
cartridge 7 and abbreviation of as opposed to [ the electrode terminals 22 and 23 for these accesses 
are the outside surfaces of a cartridge 7, and ] a holder 50 — it is arranged on the parallel field and 
arranged in the condition of having been detached a little in the vertical direction, among a different 
location along said path of insertion, i.e., drawing 12 . 

[0127] And the 1st electrode terminal 22 connected to the piezoelectric device 106 is formed in a 
location which contacts the contact terminal (or contact terminal group) 51 arranged at the wall of a 
holder 50 in the 1st location (location shown in drawing 12 ) before the cover of the oscillating section 
of the piezoelectric device 106 by the tape member 62 is canceled, when a cartridge 7 is inserted in a 
holder 50. 

[0128] Moreover, the 2nd electrode terminal 22 connected to the piezoelectric device 106 When the 
2nd location in the condition that the cover of the oscillating section by the tape member 62 was 
canceled, and the holder 50 was equipped with the ink cartridge 7 is arrived at. That is, as shown in 
drawing 13 , the ink supply needle 40 is fully inserted in the ink feed hopper 21, and when it changes 
into the condition that ink is supplied to a recording device side, it is prepared in a location which 
contacts the contact terminal 51 arranged at the holder 50 side. 

[0129] It will be in the condition that the piezoelectric device 106 and the body 200 of a control unit 
were electrically connected in the 1st and 2nd locations by such configuration. The liquid level judging 
means 201 of the body 200 of a control unit It is based on the residual vibration signal which 
originates in the residual vibration of the oscillating section after supplying the driving signal to the 
piezoelectric device 106 in the 1st location and vibrating the oscillating section, and is outputted from 
a piezoelectric device 106. The resonance frequency of the residual vibration signal in the condition 
that ink does not touch the oscillating section is measured, and it memorizes as initial resonance 
frequency. 

[0130] Furthermore, the liquid level judging means 201 is judged to be that to which the oil level of the 
ink in the ink container 20 of an ink cartridge 7 fell across the installation location of the oscillating 
section when the residual vibration signal which originates in the residual vibration of the oscillating 
section after supplying the driving signal to the piezoelectric device 106 in the 2nd location and 
vibrating the oscillating section, and is outputted from a piezoelectric device 106 carries out 
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abbreviation coincidence at initial resonance frequency. 

[0131] Moreover, where a cartridge 7 is inserted in the 1st location, the lock device 52 which can 
prevent insertion beyond it temporarily is formed in the holder 50. The piezoelectric device 106 by 
which the cartridge 7 was connected to the body 200 of a control unit through the 1st electrode 
terminal 22 according to this lock device 52 after having been locked by the 1st location is driven, and 
initial resonance frequency is measured. And if measurement of initial resonance frequency is 
completed, a cartridge 7 can be moved to the 2nd location which can supply ink as the lock device 52 
is evacuated by the command signal from the body 200 of a control unit, consequently it is shown in 
dra win g 13 . 

[0132] If an ink cartridge 7 is inserted in a holder 50 as it has the function to judge 
normal/abnormalities of the piezoelectric device 106 of an ink cartridge 7 and was shown in drawing 
14 (step 1), the liquid level judging means 201 operates a piezoelectric device 106 in the 1st location 
first, measures initial resonance frequency (step 2), then will operate a piezoelectric device 106 in the 
2nd location, and will measure resonance frequency (step 3). And when it judges whether the initial 
resonance frequency in the 1st location was compared with the resonance frequency in the 2nd 
location, and the frequency changed (step 4) and a significant change is not seen among both, it 
judges that abnormalities are in liquid level detection equipment, and warning is displayed on a display 
210 or a loudspeaker 211 (step 5). On the other hand, when a significant change is seen among both 
frequencies, liquid level detection equipment is judged to be what is functioning normally (step 6). 
[0133] Since initial resonance frequency is surveyed and memorized in the condition that ink does not 
touch the oscillating section of a piezoelectric device 106, the resonance frequency and initial 
resonance frequency which changed with consumption of ink are compared and the amount of ink was 
judged as stated above, it is possible to supervise the amount of ink in the ink container 20 of an ink 
cartridge 7 under high dependability. For example, it can be used as highly reliable ink and a highly 
reliable sensor by arranging a piezoelectric device 106 near the base of the ink container 20. 
[0134] 

[Effect of the Invention] Since the initial resonance frequency in the condition that ink does not touch 
the oscillating section of a piezoelectric device can be measured in advance according to this 
invention as stated above, the amount of ink in an ink cartridge can be supervised under high 
dependability by comparing with initial resonance frequency the resonance frequency which changes 
with consumption of ink. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view having shown the outline configuration of the Inkjet type 
recording device by 1 operation gestalt of this invention. 

[ Drawing 2] It is drawing showing the detail of the piezoelectric device (actuator) in 1 operation 
gestalt of this invention. 

[Drawing 3] It is drawing showing the circumference of the piezoelectric device shown in drawing 2 , 
and its equal circuit. 

[Dra wing 4] It is drawing showing the relation of the resonance frequency of ink and the consistency 
of ink which are detected by the piezoelectric device shown in drawing 2 . 

[Drawing 5] It is drawing showing the back EMF wave of the piezoelectric device shown in drawing 2 . 
[Drawing 6] It is the perspective view showing the module object incorporating the piezoelectric 
device shown in drawing 2 . 

[Drawing 7] It is the exploded view showing the configuration of the module object shown in drawing 

6 , 

[Drawing 8] It is drawing showing the example of the cross section which equipped the ink container 
with the module object shown in drawing 6 . 

[Drawing 9] It is drawing having shown the system configuration for the principal part of the ink jet 
type recording device by 1 operation gestalt of this invention. 

[Drawing 10] It is the sectional view having expanded and shown the oscillating section isolation 
means of the liquid level detection equipment in 1 operation gestalt of this invention, and its 
circumference. 

[Drawing 11] It is the perspective view having shown the mobile of the oscillating section isolation 
means shown in drawing 10 . 

[Drawing 12] It is drawing having shown typically the condition Just before equipping the cartridge 
holder of the ink jet type recording apparatus by 1 operation gestalt of this invention with an ink 
cartridge. 

[D rawing 13] It is drawing having shown typically the condition of having equipped the cartridge holder 
of the Inkjet type recording apparatus by 1 operation gestalt of this invention with the ink cartridge. 
[Drawing 14] It is the flow chart which showed abnormality judging processing of the liquid level 
judging means in 1 operation gestalt of this invention. 
[Description of Notations] 

7 Ink Cartridge 

20 Ink Container 

21 Ink Feed Hopper 

22 23 Electrode terminal 
40 Ink Supply Needle 

51 Contact Terminal 

60 Oscillating Section Isolation Means 

61 Mobile 

62 Tape Member 

63 Tape Guide 
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1 06 Piezoelectric Device (Actuator) 

200 Body of Control Unit 

201 Liquid Level Judging Means 

202 Liquid Level Judging Section 

203 Record Medium 

205 Abnormality Judging Section 
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t^mwti^K-yx^mm, 1 7 8<z)^mpjjfc:?gf*:6^«n?ccvi 
<fc ^» iga&tR 1 7 6 1 7 8 iimiyxwm^cm 0 

[0 026] TSPmSl 6 6». IgS&ffil 7 ecDOTtC 
aaLrt^^o TSPSSl 6 6cr)*|gBB^*'5P3ff$S|S^5^ 
(Dtti.C>il3P 1 6 1 (D^^^t^tU. m^—^^^X')^CM 
Omt^nrt^So ^:*5. TSPSS 1 6 6 CDRJi^gp^CD 

[0027] — :)7 > Tspm® 1 6 6 (ommmmt.. mn 
mi 6 0:*^. ^(Dm-^m^o^^t^tmni a l<Dl^l.c^i 

BE^S 1 6 0CDR?f5giS:&cr>ffi«t*. 1 6 1 (OWmX 



C5) 
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[0 0 2 8] Kmm 1 6 0 (Dmmmtickt. ±mmm i e 

m@ 1 6 4(DR?^gp^cr)ffi«tJ:, m 1 6 1 *5<i:a^)£m 
©16 6 <DBB^^<Dmm<i: ^ <rj:^J:^mM^ 

[0029] Lfcf)^^x. mmm i e oco^ssp^. ± lo 
Tspss 1 6 6 (D^ti^ti<D^mm^$>^F]mm^K 

[0030] ±ao cfc 5 tC. Cor>ffi««-T-«lig«f« 1 7 
B^g^Urc^^,. ^/c, ±gpmffi 1 6 4 CDR?F$SP^. BE 
«1 1 6 0 (DFiB^ms TSPma 1 6 6 CDP3Jf$gp^4Sct 

o*l3P 1 6 ffiS*^Sfe:5^^i^cD^^MP 1 6 20 

[003 1 ] */c. _ha5«g 1 6 Acommm^s s.mm 

1 6 OcDR?F$S|5^3^tdJ:2:rFSPSffil 6 6CDRJf5gP:fl^cD^ 
M«j5^ MPl 6 lCDffia<J:D/jN^liCi&c<i:Ov Jitt 

[0032] ^ e>^. ff-^g 1 6 0 tmMm^mmrr^ 

TSP^ 1 6 6 <DPimu^i^J:z/±m^m l e 4 ©RJI^ 

Se^T. TSB^-? 1 6 6 (DPiBd&m\ ESB 1 6 0 CO 
[0 03 3] EESS^^Jf^^-r ^iEESe 160. ±^m. 

ffi 1 6 4 . isitnmmm i e 6 (Dmrnm^t. ^<d^^\j^ 

mami 6 icorp,\j^tm^~'miOXi.>^. s/c 
s&ffi 1 7 6 omnu^^mmr^FiMi^comnm i e i 

Sbxi/i^o b/c5!?5-^r. TiS'f-^x-^ 1 0 ecDiiSlr 

[ 0 0 3 4 ] M^C. BEii^^(D^SgPRa^JgS5ffi 1 7 6 40 

Mi^tjimi)tx$>i>. 

[0035] CCDcfc^JCTiS^^^J:.-:^? 1 0 eODl^gP 

h^(DX. «faS(D^^|*tt3&>€>^Df#S:?ii?>5:IStt%jHi 

[0036] */c. fis&SP?&5^:Sf Wtcj^r *sor . 



J^pg 2002-283586 
8 

1 0 6<D-Y>t?^-^cD^iltt3&5cfclr^o 

[0 03 7] M^. igRtPKl 7 60rj>:?'^-<T>X;&^ 

m<omm*m±x^i>. 

[0 038] $fc. r^^zux.^'^l 0 6<DSSSii<Dgp 
tt. fci'T"^ 1 6 2CDin-SgP. Tiftto-^. eaPSBl 6 

lcr)i^#Jfi^f4g-rSo 

[0039] iSPma^^l 6 8t3:. lfS6«ffil 72* 
:rt*Lr±a5S@ 1 6 4 tmm^cW^^iJi: ^tc. S«6 

«i 7 6cr>*M0W^^nri.^So r^wm^ 

^I10\t. TSP^Sl 6 6tc®»S0^S^r'§>cI:5 

7 60*ffijM^cjfj^^tiTc^s. Aimnm 

1 6 4tS. limSi 6 0<D«Mfifi^?^fiS;SnS/cd&. ± 

sum^^ 1 6 8 tmmr ^m.mc^\*>x . mmm i e 

OCDMSiTiP^l 6 BCDM^iOfmc^Ll,^]^* 
«*rSi£:*S3&=f*5o ±aJ«@l B4fcCi'^C:0[)«:^«:JfJ 

^Bim^ctimmxA'orctiyxii. ±gB«ffii6 

4iJ:§I5m®iS^=-l 6 8<h(DS^tfc^:05|l< 2^r?rLS 
l\ ^»rl/TL.S^^g;|^:f&^*>So -ecr. »S&«@1 7 

2 :fe*il&g|5W<b UTffil^^r . ±aj«ffi 1 6 4 i±gB«fli 
^^1 6 8 i*g^^H±ri=^-2>o CcDJc-^CC-r^Ci 
X. JEE^Bl 6 OfeJifflSmSl 6 4feliB&Sffil 7 2CC 

S/c. ±|[fmSl6 4<h±gB«ffi4S^16 8i:(Z) 
[0 04 0] m^m'^-tWmMl 7 ec^-^t^cOBE 

s^^4c0i:®-r5Stt««<bd5, rt575^^ai-:$f 1 0 6 

x-^r 1 0 6^$*tlSgp**i^. ai/^^C^^^Sti-SC i 

1 0 6*— 1*fiti^Ji^JiS^'Sc:<h^t:j:or. T 

[0 04 1 ] ^60C, S«l 7 8CD5SS*^2*»SC^k: 

m.^^^^<it^c^^x. T^^^^x-^ 1 0 ecDSitt 

littSSmcoBPiS'j&^^iliaiil/^cl^/c^s^tctt. »tE17 8cD 
^lS^*»<3&^o/h$ <-rSi^fc^c. fjiKi«i7 6^» 

[0042] ESS 1 6 0 oMnt VX\t. 

^:^>miS (PZT) . t^;l-::2>^5^^>^|g-5'>^> 
(PLZT) . SfctS. $&«r^L/&<.^i&U;^SE^lg. 
^&ffll^SC^:^5$fSt/Cio S«l 1 SOmmtijXkt. 

/c. fS«l«l 7 6^CtJ. »«1 7 8 <blilD***4*m^S 
C <b*^'0i LO^. ±S|5^S! 16 4. TSPm® 1 6 6 . ± 



^ 1 6 846j;£>Tgp^®^-? 1 7 0 (i. a»«14 

*wrs*(tM. m^it. ^. 18. m. ■^''^^i-. r^us 

[0 043] S2*i<fcaf|13(C^3n.STi'3^jLi"$ 
1 0 6 -/ > M; 7 O-/ >i'SS©9fSct) 

[0044] >i?^©}S[i*:*Jts«S4a. r 

[0 04 5 ] ri'g^*j:.-5' 1 0 6tt. C ©WJ^CD^'f fc 

— ^feLh©^*d3msfsn/tt#iffi-c*^*i. ^^^^-rs 

[0 04 6 ] ri75^^x-5rtcj;S-^ffi^tB©Jl 
> f" ^^>X©^-(t**JM«»IK©^'fb4ffil.^T 

[0 04 7] Sfc. ri'5=-*x-^f(Dffi«lSB(C*iltS^ 



C6) 2002-283586 

10 

* i © *igt^.® {C *j W 5 l » ^ . 

[0 04 8] Ti'g^aX-^Jl 0 6©Jilttl«i^tt. ffilSfi 
Si 7 6©5^ISP1 6 UCJc-^ri^^Sti^^^i- 
^ 1 6 2 *«)iS^-5®:9--C'*S. -^>i'#g|^4Cigft*l 
3^K:J|XSSnri,»S*9^{CW, ^■*'b-7"-f 1 6 2i^k: 

[0 04 9] CCX\ 02*jJ;O'^3*#ML.;&:3&5?., 
3lttiS;^J©S'MCCj:i5fi6tl.5«*iT5'5='aX-^r 1 

0 6 ©jgaftSB i (D^mmmmi)'^ . > i' #iii^©?si* 

[0 05 0] T9^^x.--it 1 0 6«:*J«,»-C. ±8B«@ 

^^168 *j j:crFgi5^ia-? 1 7 0 */rt.-c. ^n-e 
ti±a5«a 1 6 4*jj:crfSP«s i e etcsjE^epftit- 

CCOtcSb. JE^S16C©^-fe, ±i|5m®16 4*J 
J;CrFf|5«« 1 6 6 tcRS nfc^:&«c«^3&J^ 0 C 

20 ©sifjc J: -^r . ffms 1 6 0 n^s i e 

OAs^-rsciJcio-c. liS6fi?i 7 605%©ii8Ji 

6. < /ct>*«!i3i3T i-^^ax-^fioe ©tiSiiiPtc 

[ 0 0 5 1 ] Ti'g^a.x-5? 1 0 Boigati 

gpi^<*i©ssii«ir-*s. s^or. iiasieotc 

30 0 6 ©ffiffl[)g|5©iiS)!i-C& «3 . KWM 1 6 0 (O^^^W 

5. c©/tjf). lisjii 6owafriiS:^)*^^-r*. c 

©ffiili«;^W> ±3B««16 4. T^«ffil6 6. ±S|J 

Sffi^^ 1 6 8 *s i t^TSP^^^ 1 7 0 L r^m 

[005 2] -|g{C. i^Jg^ifi^ f s 



f s = 1/ (2*7t*CM*Cact)*'") (^1) 



©=i>y5'fr>;^-r*5„ 
[0 05 3] @2 (c) *jyfej^m*jt,»r, 4^ + 
tf-f-^ 1 6 2tc-f >i'j&^#L.ri^&i!><t*©r 

x-di 1 0 6©K®@T-4>-5, S3 (A)*iJ;?>'ll3 



i#©T4'g'*x-dz 1 0 6 ©lgS&g|J4i5± 1- l^f" 
1 6 2©^ffi@^-C*S„ 

[0064] MactK, WmUOM^ iiiabgP©|g]Ki 

©fi=&ji«isp©iMimi/fcfc©-e*i9. mmvckt. m 

Mact=Mpzt+Melectrt>ctel+Me1ectrode2+Mvib (^£2) 
tS&ti«>o «cfei:tS±a3iiSl 6 4©;f $ tlMrnM 1 GAoymm. 

[0055] C C-C. Mpzttt. lia6SIJ(C*JWSa®l <h©S^±g|5m® 1 6 A.<DWm-C^Vtci><D-C3bi>. M 

1 6 0©/S5 tKmm 1 6 0©SBe[i©a*EE«)l l e electrode2tt. ffltt3|5«:*iWSTSIJ«ffi 1 6 6 ©Jl$ <!: 
0©Ma-C^L.fcfe©T'*.^. Melectrodeltt. 50 TSPSS 1 6 6 ©^ffiiCflt^rTSBSffi 1 6 6©®S1-C 



XL 

7 6 trnWiU 1 7 6 (ommtcom^tmu 1 7 6 

JE«jgl 6 0. ±35^61 6 4. rmwmi 6 6fcj:CK 

10 0 57) tfc. *ll)IS»$g86Ctelir. EE«H 1 6 
0 . ±^mM 1 6 4 ^Scfc^^TSPm® 1 6 6 tc:b%ir 



C7) #^2 00 2-283 58 6 

^ 1 7 6(D5%(DiiK&fIi^0^ti-eticD-r::^--^>:^Ofn 

6 4, TSB«S1 6 6. BESjg 1 6 0 *J<t?^Sia6« 1 7 

6 <D 5 CD»Mi^4C J:r>Xjfm^tl ^U^(D n > ^ 

[0 05 8]!^. mS (A). 03 (BX 03 (D). 

^^b^tr^r. Cact«Ti7^^ 1 0 6<Di^gp©r3 

10 ^t^'^-YT^J^^^S^To Cpzt. Celectrodel. Celect 

16 0. ±gB«Sl 6 4. TgI5« 
1 7 6©r3>:7''^-YT>X^7n-r. 

3r«$n^. 



1 6 6fcJ:tK|ia=K 



SI 64. TSPmffil 6 6. BE^Bl 6 0:foJ:afJ^«* 

1/Cact= (1/Cpzt) + (l/Celectrodea) + (l/Celectrode2) 



+ (l/Cvib) 

S2 4dJ:a'^3ci:^. 113 (Aj^i. MS (B)CDcfc9iC 

[0 05 9] =3>:7*'7'fr>;3^cactj*. mammifCK 

[0 0 6 0)^3 (CMi. > ^SIItC'iS»:^^+i&«: 



{S;3) 



M' max= (7z:*p /(^^k" ))*C2*C2*k*ay /C3*70)/C7C *a' )' 



(^4) 



[0 0 6 1 ] r^. S;4^^. T^^:z.x-^ 1 0 ecD^g 

d^>xM' fgs&sp(D{^atcAsi«mcj:-:»T. mm 30 

[006 2] jg^k 

k-2H<7rr* f act/c (5S;5) 

[ 0 0 6 3 ] a 3 ( D ^u. ^ > ^^^^cmwi^^-^-^^c 

1 0 6 CDJlKiS|5*5 J: e>'^ 1- t'T" 16 2 (D^WSm^m 

[0 0 6 4] 113 {E)«. ^>^'^^0'ffi^?&^ffiSS 
T^5^:^x-~^106 CDliKf«^CDjaS5CjKi**Site 

(icmm^t}^m»uri.>^m^<Dr^^:xs^-^ i o 6<d 

[0065] ^4tt. ><>g|giC?gf*35?^*i^/c$nTl.^ 



M' =p*t/S (^6) 

1 0 6(Djgwjm«(D®«r^Sa mmmm^^^m 

[0 0 6 6 ] Se-oT. #^)lJ-Y•:^-:$^>XM' kt. 'Y>^ 
^^c?giitC3&s+:0^^CitR§S r^^^x--t$?106O 

mmmm<omm(fcmi^*^mfc^tixi>?>m^(icitt. sc4 

[0067] CCX. S3 (E)<:DJ:50C. 

(Dmmmm sn. t^^::lx-^io6 ojgatiM^cD 

I 6 2|^{C«^g^2t::;^^3^^^L.rt^'E>^S■^CD#tt3^^:^ 
^ 1 0 6CDjgS&M«(Z)JSStt^j*;6Wc$nri>Sit^ 

[0 06 8] 03 (F){*. '^mm<Dmwmnms 
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i.^i>(D(D. Ti'^^^^X-:^? 1 0 ecD^l-b'-T^^ 1 6 

[0 06 9 3 cc-c, mi^<Di)tmt,cm^'r^^^^^-'^ 
fr*. r^?^^x-af 1 0 dcDmrnsR^mm^mk-r^. 

[0 07 0] ccx\ ms (E) tc^r J: ^ tc t = d <b 

M' cav=p*d/S (^7) 

[0 07 1 ] */c. mwffim^(icms,<o^rj:^mi$x^i> 
Hit. mj^(omi>^cj:->xmmp:^mrj:6tci^. mu-^ 

[0 07 2 1^4 (A) ^>'^^>^lH(D-(>'^<D 

[0 07 3 ] -Y>i5'^^4C^>t!7:^^+^^jR^$n. T 
iXXX^^^m^^Ckt. '^<Omi^mW-('r'-^ly:^lA' max 
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®g«:*^iil"r^Ci*>r^S (^3 {C)#M) « CC 
-e. tinW*JSa&K::^>^3&^to5-r>^CZ>/?3<!: L/, t ink- 
max^^M' max^C:fet:^^ tinker ^« 
[0 0 74] mtf, Tt^^:3^x-5? 1 0 65^. -Oi? 

M:«»5Ti5^^^x-:§r 1 0 63^6 t ink-^naxO^SS^^T^C 
[0 07 5 ] ^>^i7-h V yt^(DmB^s 

T^5^^x-^ 1 0 Qkt'^y'!7<Dmm^cnLxm^mm. 

nccJcD. S:i^J:?)^^MM?S^f s;^)5^^^R:iStt1■r 



20 



30 



^3:. A4icmt>$n^mtrj:^^ —yyx\ ^>^mn 

t'T'-f 1 6 2F^te:-r>^j:?sg|gL/Oori'^ 
1 0 6CDJi8b«I^CDJll24C>f >i?7&Wc§nT 

ST^r i^^^^x-^ 1 0 BCD^^i' t*7^^ 1 6 2<Z)d 



40 



(02 (B)#M)*/h3<s mmil Si+^itC^ 

W =M* air+M' ink= pair*t air/S+p1nk*t ink/S (S;8 ) 

St^D^Jftr^&»3v pinm^>ii?(Dm&X^:h. taiKi 50 [ 0 0 7 9 ] T^5^^x-3z 1 0 BcDtgaimJigJia^Cfc 



So U-oX. > ©i?gffi7&^^ -t- fcf 1 6 2(Z>a 
a (03 (C)#M) CDjffiHF*5^C*SR?). Ti^^:xS. 
1 0 6^3:H^>i?©m©tfc#.*4ft>^?^ct^iaiTSCi:^5 

[0 0 7 6 ] EI4CA)CDfi5^X^^. EMi^CfSg^ n/cT 
1 0 6<3r>+i. t'f^^ 1 6 2*+:0^(C^< h 

WSiSj^^f s iCDP^*«t>L.ri.i€>, 

[0 07 7] <i:OI¥M8^^3:, -f >^?3!)^^^5^^mS^nT 

^XS>h. ^l^ifi:i^%^t,cmm.^nx\.><^cU-^X. T 
ii?^jx.x-tSri 0 6<DSSlJr«^S2^cfeiirSia6^7&^5&i 

[0078]m{i. TtJ'^^X-^ 1 0 6J£:W^>:^CD 
ink-maXcfcO/hSl/ii*iC^^. T ^x-d? 1 0 6 CD 
fci^^-oX. rtJ7^^x-ir 1 0 6(DjjgS6fflJ^(CDffiaS^ 

w<omm.m.xmr t . 



C9) 
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^; ^ > ^7 1^ t c S # L/ Tl i ^ > ^ cos ^ -Y > ^ © t S 

l/M' =VM' air+l/M' ink= 

[0 0 8 1 ] f^. ^2\it. T^^::^x-i? 1 0 eo^i- 
cav <b«DWCcfc-3rft#*r5^Ci:^*r#-E>o 
[0 0 8 2] T^^^x--:S? 1 0 6(Z)iiB6ti. t ink-m 



f|fli2 0 0 2-2 8 3 58 6 
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* [0 0 8 0 ] r^?^^x-i^ 1 0 6;^W>^CD^®^^* 



d ^X<Dt>^tf^n: > t5^S^{t;r *5t:f x- 5? 

SC^it^t*. giPgP^iKl-r^PBlCDT^^^^x^^ODJl 

[0083] IEI4 CA)(Dft|gYti. /JnSI^R?^ 

^ > *5 J:e/l5B6SPC>*IISJiljeiK f s i ©Mf^*^ 
-To 'Y>^'^>i7|^or)'Y>ii7CD?S®505Ti7^AX-:§r(jr) 

■C. >f > <fc DfJg86gI50ifcflJSIig|S f s U < ^{ t 
[0 0 8 4] T^^:xX-^l 0 6 JfcfflO:^r?«#:<DW^ 

c tx ^ > ^ (D^m^mir ^(D-c . -^^^comms^ 

>^(D^i^j:'^xmm$ti»^^. Ti'^^^x-i^i 

0 6 ^mi^xmi^<D^m^^m-ir^y^mt. >^^s 

tfCjz-oxBW^nmi^K 



H<10 

Sa1r/Cpair*t air)+S ink/CP ink* t ink) 

[0 08 5] Mic, oT^^^x-i?! oe^ffio^ 

^mi^^xmm^^y^mtmsLx. 4>^^mmi^^i 

Mmiiim^^t^--:>^>i^^m^^m(^mmx^?>. tj: 
fe. EEmm 1 6 o<DmmmmL^0^mmm(^cmm'r?y 

20 C^:T\ Td^^^xX-^i? 1 0 60DS&fftfiK:^-rS^J& 
[0 0 8 6 1 134 (B) -/>i?CDffiKi-<>^*5j: 

<b-f >:J^x>Kt;^iS(!:*:g^-rSfeC!>rti&l^„ g|4 

(B) ^TK-Ti^oc, ^>^^m,im^>m^. 
30 ^tit>^^ ^iy^<ommccj^-:,xmwtmmMLf si}^mtsi 

t.Hc WH<DM& > d' > 47 ^ > ^ *^1J 

[0 08 7] i^i.=.r . > i^mm^(omit'^^^<o^(mx 

*orfeTt5^^AX-3? 1 0 6©^^ tfT^-f 1 6 2F'gCC 

40 WiE-rs^ r^^:xx— 1 0 etJ. i 6 2 

nK,mwi^mfc^nx\.^^m^\iCWLW<o'\m^mmx^ 

ti«. ^i- tr^-f 1 6 2i^^M^:?&s?i/t3nri=»ft(,^ 

[0 0 8 8] ^tJiJl^^f sJ^, >f:^-if>XM(DM 



fPo#atc* ^j«f*cccfc r^riittSP 



50 fe. mm^wmm^j:'oxM.M^±mit^®.^ri> m 
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S5 



[008 9] m-yX. M* cav ^5^4«C*5t^ max 

ois-^. mm(fmt)^mmtM' max j:^fe/jN^<3&r6 

[0090] —-Jjs W cay/^^4^^Vfi>M* roaxJ: 

[009 1 ] m-h. ^>^msp^(Dmi^^^<D^mx. 

Ci'e$>5o t^s T^^^x-^ 1 0 6?J>5'^f*CDm^* 

^^fm: max>M' cavia:. +i-b'7='^ 

[0092] C Cr. M' cav ti. + 1- 1 6 2 CD 

i isa^ 1/ 1 >SacD^f*(Da«-/ :^ 5? > X r* 
-So Ser?r. M' max >M' cav CD:^^^^;6:>6. T^^ 
c.Ji-^ 1 0 6*3aStt:Q«;^€iEfi5C*^feait:'*S^ 
^i- -< 1 6 2 CD^fiOD^fri Ur^TC i;i)>'T' 
m^U. miik<D^^^T'i 1 6 2C9«P 1 6 1 
<D*S*a<bl/. *5cfct;f=^^-^fcr7='-< 1 6 2<D?^S*dit 

M* max>p>Kd/7Ca^ (^10) 

a/d>3 N^TC/S (^1 1) 

1 6 KD^SafciD^+i- tfT"-^ 1 6 2CDJ8^dr*-S 
=1ri'bf7=*-f 1 6 2J&W*raTi'^AX-^ 1 0 6r*tl 

[0 09 3 ] 1^. ^ei 0. SI ^i^trf^-^ 1 6 2 

CDJfmJ&^pjfJCO^iCKORfcfi-rSo ^-l-tfT^-^ 162 

IV S 1 0 J*i<D TC a ^ *-eCDMa<bS#f^^rff-ff "T 

[0 0 9 4]ft:*5. ffJa>fi--d?>:5;M* t3:^^>b- 
^i^^ 1 0 6^^*'ri>il!@«:^«:*Mt"^:^St*. 



(10) #132 00 2-2 8 3 586 
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[0 09 5] 1I5CA) *JJ:0'S5 <B) T^^^ 

uco. T^^^x>-^ 1 0 ecDmmmW)(DmBtm^M 
±rf\t. Ti?^^x-47io6 i^Mkomws^m 

S5CA) *5J:^'S5 (B) ^fcl^r. SIWft^T 
10 1 0 6a>^SIi»ic:j:-:?T»^Ufc^S 

i^^^C^Mffi^^U. «tttJHfPa*^-ro T^^^x^^l 
0 6<Z>^aMtttCj:-:.T. 1^5 CA) *3j:C>'S5 (B) 

^c, T:^^^ft#^. «#cr>ja^g^tc>i*l£f -Sf^i^^^l- 
f^ffitc^lfe (nm) S5CA)*5j:<yfH5 (B) 

[0 09 6] cfcOi*ffl^C«, r^i^^^x-^ 1 0 

h3&^6 8;^7«i?> h*t^<DPa«:H i ehtOtcy^ty^ 

[0 09 7] 05 <A) t^. TiS'^^X-^ 1 0 6Cr>^ 
«Sg Ix -<;l. J: fe±{4^c -Y > ^ i * <Dig|f$ 
rafe-So — ^r. Mb (B) «TiJ7^wr.x-3? 1 0 6<D» 

05 (A) tmb (B) i^tfcgjrSi. 115 (A) <D 
30 :)730^|gI5 (B) J:?)4>4?57'^'>F3&i68:^7';?>f*T?cD 

[0 09 8] T:^n^ig0CD4?{7'i7> bS:^^e»S^;^€>0!:> 

kt^ r^^^x.^^ 1 0 6oSiS6:^^'^^L/r*^efta'J* 

^y—mx^-DX. {iM<D^'y:yh^^fbm^Xi><ki.K C 
CXitt. 4tJ^>hmti^hSi:y^>hm^X<Dm^^^ 

40 iUb. 0f^<Di?n»^ i5'/NVi/::^^cj:-or4:^?^7>h@;&^e> 

Mt. sfj^yvmt.x(omm^m%r^'i.mtm<. 

&M.<Oio^>V'tX^^X^J;:\i>. mBKi6\.>X\Z. 4 

mmL^^mi>mw^mc{,fci)^^x. m^ji^tc 
ij^>hrsmiH<Dmm^^iiivxi>j:i>. 

[0 0 9 9] mtf> ^>^(D&n^i^MLXi.>X}::- 

50 fcisb(iC4:^^> hm:^^f^6tj^->hmix(omm^mm 
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[oioo]06t^. Ti'^^x-^f 1 0 e^as^W-^s;^ 

^ 1 0 0 i LX—WBJ&Lfcmf$.^^irmUmx 

[0101] ^^mM(O^Va.--}UWl 0 Okt. ^> 

o i ^r^-rSo >r>d>^iim#gBi o 

1 5^ . ^W3&5lS KSegff^cDX 1 0 2 i . |gS&«-^frc4: 0 
^r^T^'^^X'^^? 1 Oe^JR^TSS-Sl 0 2± 

$;^^-;W*l OOCr)Ti'^^j:.-^l 0 6 *5i^fa5;J?i6® 

[0102] STiJ. me(fC^bfc^iyzx,--Mti 0 0 

> ^^SISatWIHJ 1 0 1 <b. 1 1 OteJ:a=iaSI5 

1 1 s^mr^Kmrnmrnm^^i o 5 (iei6#m) 

^tfo Se>(c, ^i;^^-;u»i 0 Ott. U-Fc^-Yirl 

0 4aS(>'10 4b. T^^^^x-^ 1 0 6a^':7 ;l/ 30 

A 1 0 8 ^^^--So iff * Ix < ii. h 1 1 0 ;^ 

[0103] >r>:J'^gm'f^Sl51 0 1 {C^Sn^RttSP 

1 1 64'dcl:0'^-&l 0 25^. U - ^i- 1 0 4 aS:^^' 
10 4b ^tsmx^ J: ^ t<:ci3.c^sptc|gpsp l l 4 

8. h 1 1 0*iK«T:*-5j:^Cciap«51 1 

4Cr)JSffltC|fflS|5 1 1 3:fy^mm^tiX{r^^. 
[0 1 0 4 ] r^^^X-^ 1 0 6ii. 1 1 0 40 

1 0 8^:ftoxm^^ri. y'\y- n 1 0*5 

d:t/Ti?^^x-t5? 1 0 6«Iia§Pl 1 3 
-(^gpi 0 1 ) CCiaS^nSo fi^oT. D-F^^-Y-V-IO 
4aR2>'104b. T i^^^ ^x-d? 1 0 6 . y^Jl^Al 
0 8 :Re>'r?'b- M 1 0 ii. > i^g^gx^gp 1 0 UC 

[0105] V-Fy'r+104 aRO' 1 0 4 b . 

X- ^ 1 0 6 ^mm Lfci^mmmmom^^Mm^m so 
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[0 1 0 6 ] TiS'^^x-tS? 1 0 6«, V-1FV-(^1 
0 4 aRO' 10 4b 3&^?>e»^tifcMft-^^»*^l* 
— S^WtC^^T-So ^fc. r^^^x--^106 

[0107] :7 ^;l/A 1 0 StJ. T^^^^x-d? 106 
<t:7*U-H 1 Oi^MSl/T. T^S^^^x-tSr^rjglg 

^cT^o y ^ )IJ>^1 0 8\t. ^V:tuy >mcJ:-oX 

m^o. mwmxi^m-ri>ct:^H^\^i.>n r^^^x 

1 0 6 ir^'U- F 1 1 Oi*7^;l/Al 0 8JC<J:o 
L//c;&5or. T^^^x-^r 1 0 6^:/l^- F 1 1 

otc^Lr^>, r5'5='^x-^f 1 0 6<Dlii6»ms^ 

[0108] rj:^. y h 1 1 0 KRJBttr* 0 . S 
-^1 0 20DIIPSI51 1 4 t*PI®<*tC0j?B$tir T 
c5/^^x-:S7l06 ^ ;b A 1 0 8 t^^ff^t^^CffM 

SnriiS« y-F^Yi^l 04aaDfl 04b. 

^AX-:$r 10 6. y 0 BJ^ll^y'U- h 1 1 0 

tt. Si&l 0 2tc>r*L'T«KoJt6iurfcJ:C:»o a#l 
02. U-F»7>ri='l 04aRDfl 0 4b. TtJ'^^^uX 
1 0 6 . y ^JVAIO QJ^lfy^U- F l l O ^ 

i;':*-;i/*^i 0 o(Dn^^\mKMoxM^(tcwim$riXi.^ 

^■^102, r^'^^x-^ioe. y^j\y 

Al 0 S&C;^:/^- F 1 1 OQi^^Wi. -te^A-iU^l 
[0 109] S/t. S'&l 0 2<Z>l3PgUl 14CDMI 

Td'^^x^^ 1 0 6<DSg86fil«€5[>ffiSJ:9fe:;^* 

<?^^5nrii6o F 1 1 0cDcf3,CxrT^^:xx 

--^ 1 oe^mmm^mmt^HL^^it. nrn^i 1 1 2 

j^^BfiKSnrC^^o l2 2*5<fct>'0 3«C^L/ccl;^tC, T 
^7^^x-:$? 1 0 6^t3:+i-b'7^^ 1 6 2:&5J^;5K$tir 
*5D. ail?Ll 1 2<b^i^fcf-5^-/ 16 2<!:*5. i^te:^> 

^m^^M}&-t^o y'u-hl 1 ocDi^Sti. ^g^^> 
r/h^i^ciT&^Sf^ui^ m^^, *mi i2cDgg3 

t^^CDSO 3 ^<0 1 ^ r * C <b L 

KfflfLl 1 2^3:. ^i?:x-jl/i*:i 0 0 

LxMmj:mmpi(DmKx^^. ^tc. *a?Li 1 2 

(DM^it. Ti5?^^x-:$? 1 0 eCD^^^i^b'-r*^ 1 6 2<D 

fapM«j:o*>A^t^ ©is?Li 1 2<Dmm(Dmimt. 

f—^^max^-yXi^^ii^i^. ::^7^-jy'mtKX'i>'oXi> 

[0110] ^>?:z.-;W$ 1 0 0 SiiJL 1 1 23&W 
>^^l(DrtM-^l^<cfc^^. -Y>i57§gl(Z){jiJgp, 
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1 0 6 ©^fefia«SifeA3A# < mtr^ c ifctt-^i^ 

[0111] HSW. H64CmUfc-^v'*-Jl^l 0 0 

hi) i-S^TO-f ^i'^E OKil^bfc 
iff®, W'>i'?fS2 0©JSSPia«®»rMS"C&^,. * 
y * -Jl/^ 1 0 0 > i>^2 0 ©ffldittCj^JiS^ tl 

j;;* " jH* 1 0 0 i ©^StCtt, OV>if90 As^lf 

^■^ruSo c©ct5fco';>d'9or-i'-;i'*sUi3ft5 

[0 112] ^iJa-Jl/^l 0 G©3fe^J&S ^2 

ocrtsutcKta-rstii-t?. 1 1 ooommni 
1 0 6 igjiis-rs, n^^^^^u-m oeotm^ 

•5. 

[0 1 13] H9{3:. 2f^0figtcJ:S-Y>i?2^*5' h 

[ 0 1 1 4 ] »IIiS^B*# 2 0 0 (i, -^>i'i?:c 
rfemo^L/. i«H94ia**t:2 0 0 ©— §pxi±^ 

©3 > f ^ - :jf^fi-gi^aicm* enr i^r ibsi,*. 

*Wiia**2 0 0©— gB©^t6*s. ^-py^ 

Stls F^-<:?*i^^©A:^«a2 0 4*/M^T««&3 

[0115] mm^m.:^W2 o o t^. mMLm-MU2 o 2 
sa'smfijssi52 0 5 ^mt^mm\'m.m^2 oi^m 

?t&#ijffi#®2 0 1 a:>'(m.Wi.U2 0 2tt. 
1 0 6*i6ai:ib3ns^Sfi8&fi^©^yi^jS^«:» 

5. m*fj3Egp2o 2w. ]»§»a&{t-^*©^-c 



30 



40 
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«rffi(l«-r-5. ^^5[fy3eiS2 0 2tcJ;oT. 
*-by f i>7©-^>i'X>K^^M-r-5Ci3&s-e* 

[0116] mLm&^Z 0 1 ©Mfe*l3£SB2 0 2 

», 1^2 <C) (C^OfccfcdfC^^^-f t'-f -f 1 8 2{C»?S 
#5&sffSL/ftU*&i. H3 (C) {c^L/fcac^tc^* 
fcfT--f 1 6 2©g|5^©i!^):c6-r« -€-©ffiD5-*5^<*riil/t 

S4ar (,j t rBajsiiij«-^©^^^ie^smfc-r 

10 ^CiJ&SfiJffiL/Tv -f>i'©?SB*!)E«^ai 0 6©» 

KigP®<aa*iiaL?t*^S*^*W^-r S C #a„ 
[0117] *(|®iia2p:ftt2 0 0 tt, 3 EPfiJttfP 

g|52 0 6 ^l:^J^SJ■r^.EPPJt^rfftlJ«3)S|52 0 7 . EnS'Jf'- 

iattg|j2 0 &m^m^'miWnU2 oQ^^ts, m^m 
m^mmz 0 9 tt. m^#i82 0 1 ifi^mhfcmw 

t^'^R*. x-f;^7"U-i'2 1 0S.C/Xf-;!72 1 1 
Mi.*ra-if«cli^rs. -Wjltf. f 4 U -i 2 I 0 

k: {jffiSR^^^-r 0?g«755^m s n . X t - * 2 1 1 



50 



[0 1 18] ?'»«t*:m:3.--!f©S*^cj£;^rJiS^Sia 

[0119] H 1 osvia 1 1 *#ML.r. 
ifeffj ^k: 4j w ^ toiia©lSKrgPRlSt#® (c -d i, » r 

[0120] Wimmm^mt^->i>ti- v^)vv>it,c 

i^sn. >i'A- h y 5't?7©^fflPij!&Bafcfct,>r 

x-5rl 0 6©*iKlgI5^-Y ^i'JRif^Part©-/ >i^3!pe. 

[ 0 1 2 1 ] 0 1 0 tc^ufccfc 'jtcjRstisisHiiii^ae o 

'r>5'^^P2 l{C»ASnftn'>^7fitJ§it4 0{C 
«^L'r-<>i"(Jfef&#f4 0 i^^K:igt«6-r.5^1!tlf*6 1 

Ti'9'jj.X-5r 1 0 6©SgKlg|5^Mo-C l'>i'JR§ 

2giart©'f>i'7&^€.^giJ4FSit-r6T— :?'§I5M6 2 
t. -f— ::^gpW6 2©-^fRiJ©g|J^tt»S|5 

^a^J;5(Cb-C-Y>i':<7- h y 5'y7©'<'>i'^2 

[0 1 2 2] 01 1 (CTtL/fcJr^-tc^ ^Sti^a 1 tt> Jg 
t»;g|5*t 6 4 i . C ©iBIttlfPM 6 4 (DTm^^WL ^ tifc 3 
*:©lfflg^^gPtt 6 5 i: * W 0 . 3 *©!fflg«^a5M 6 
5®$id^gi!6 6*SrtMmflO-C. ■^>iP^mAO<D 
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'So 

CO 1 2 3 ] -et-r. -^>5':«7- hi* 5»^:;'7ife*- h y 

^KJ^lSS+XJt;^ h •;'-'^•-g|5e QiAr-y'tf^ F6 3«: 
[0 124] HI 2tt. ie^g©++U yi>l±icm 

f 1 tcaBSStifcA- h V » yj^;l/3^5 0 (JWT. # 

{c ^;^J^^fJ ife-g^, ) icit. — asfc. «^®-Y>i' 20 
^®^-i&© 10©*- h y .yS>7*mLyrt,»^. 

[0 1 2 5 ] 5^7" h y y%>in(0-(y-i'ism^f,C\t^ 
> *i5n« SntrfeO, *-hy-:»J>7 ©TJSSPKJ^^S 

CO 1 2 6 ] h y 5'$J7«:i3:. EElSiiai 0 BKIM 

^F-i¥) 22. 2 336Sffiasnrti-5. ctie>©r4'-fe:^ 

ffl©S^4i^2 2 , 2 3 tt. Ar- h y 7 (D^^-C 30 
*oT. ^hJl-i^S 0iC>Pj~r-5*" h y •;'5^7©lfA:^r^I 

C 0 1 2 7 ] ^ UT. Jl^^g 1 0 6 icm^Si^tcW 1 
©mfis^^2 2 * - h y 1? 7 AS/fvJl/iSf 5 0 (CSPA 
SnSilfJCv 7— :/g|J*t6 2{cj:-5E«4|gl 0 6© 

JiK)8I5©MI/^5&3«?l^3n'2.B«i©^ 1 fig (H 1 2 (CS^L 

fcfeg) {cist^r, j^;i/i''5 0©i^M{ciBgsn/cg^M 
(XWSlM^^^Sf) 5 1 iMM-rScfc^&figJc^ 40 

[0128] S/c. JES«gl 0 6lCgS^Snfcm2© 
2 2 « , 7^ - y'U^ 6 2 j; -5.iiKig|5©Mt- ^ *i 

m^^tlX-i^i'i}-- h y •:;S;'7 3!)SsJtJU^^5 0K:^$ 

tlft:4:'t1i©02fig(CjgL/c<!;#, "T^ctJ-^H 1 3 (Cij^ 

Lit J: ^» (c > ^'ei*&#f4 0 *i > i'f**&a 2 1 

J&o/ci^k:. rhJU^B 0ff.lJiCi2g5n/t^WB-^5 1 
[0129] c©J; ^ Jilt^ic j; D . Hi SD'M2fifg 50 
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Kfc-tsrii^g 1 0 6 i»^a*f*2 0 0 tffim^ 
s n;fe.t*ai i ft <3 , MWfea*«= 200 ©*Kfi5[ 

«^^I52 0 1 mi fegtcfci^riE^^g 1 0 6 k: 

Mj<t-^*#I^L/t:J^S6g|5?rtg8&S-a:fcM©JllilSiJ©^ 

firgsbtc^sL/TSfs^i 0 6fi^^mt>sti?>m^m 
[0130] § im-^tm-^mz o i »2&a 

(ctei,»Tfffl[^^ 1 0 6k:ira&^#:&^L'rSB6g|5* 

fgS!j$-a-fcf«©fii«»g|5©»§Jifii)«:SaHGrEm»g 1 

0 6 i>^^iii:b$ii.i>m.^mmm-^t^i^immmm.^iicm 

-^btct^K.^ •Y>*'*- h y f i^7©'f'>5'^2 

Ort©-/ > i'©?gii*sJiS6^iP©|g:gffig*a^r<gTl/ 

[0 13 1]$^, Jf:;U5r5 ooc». h y 7^5 

l»ifeB(c#A$tifc<^-c. -en«±©#A*— 

{c|fi±-r 5 c i 1 2. a 5- i7 «it 5 2 ^m-) e> tiri, * 
s. c©c5»i»^5 2(cj:or*-hy •>s;'7*3»i 

■cWW^a*^2 0 0 k:@igl$tifcEEm^g 1 0 6 

fi^«-^«:j:o-ra-yi'm«5 2*5jlii§n, *©i^ 
HI 3tc:^'rj:^{c>f >^j?*gt$&b#^S2ttgtc 

:«7- h y y J^7^^S&$1±SCi3&3T'*-5. 
[0132] ^fiLSWl5e#® 2 0 1 it-OirA- hVviy 

7 ©ii«s^g 1 0 6 (DjE^ym-^^m&t^m^^m^ 

■cfeO. la 1 4(c^iyfcJ:5{c, -^>4/*- h y !>v'7 

lis^a 1 0 6 ^^fm^^ix^^mm^^^mMt?) (x 
■f - 7-3 ) , LT. mi ii&icisii ^mm^mmm 

amz&m.K.^i'-f i>^mmmm. t ^tm l xmrnm^^. 

itLtct^^iP'^m^L' (;^7"v7*4) . ||#©WK:*",« 
ft^<fc35S*^nftlr^*»^(C«. ^fe*lffl«g{CMm:j5i* 
?>tmmLX7'-t:^y-i"<2 1 0-?>;^b--*2 1 He® 

mi^UX\,^i,i><oi:mm^in.^ (;^f-y7'6) . 

[0133] WJiffi-tfeJ: ^ic. EEStiB 1 0 6 (OmW) 

mc -{ly-f imMi u -c (, i ft t, >-i^i,c:i6i.>xmMimm^ 
^^mMhxmmLx:i6§. ■i^fommicw-z'xmit 

bfc^mmmiamm^mmm^t^tmux-^>i'B. 

*#iJ^-rsJ;5«cL./c©-r-. -f>5'y7-h y s»5^7©-f 

>i'§S2 0|^©'i'>5'a;£m>ftffitt©TrMmt--5. 
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[0 134] 

[03] 02tC^ly/'cffmMgcDJMafcJ:O^^^O«@ 
[S 5 ] m 2 (<::^l>/cIEmttgCDiMSam:^j^0;&^t"S 

[06] a2te:7T^L:^cffiattK^«^iX^;^d^i^^•-;L' 

IMS] m6ifcmLfc^Vc:i.-Mt^^>^^iicm^ 
[09] :^mM<o-mtmmKj:^^>i^z>:^y h^ta 
[010] :$imm(D—mmm(tci^if^miiLmtii&m<D 
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[HI 1 ] IS 1 0»:^L/c^S|!Piil^^®@^Sf)^=&^ 

Ifl [014] 3|Jt?^^{C*5lt S^&lpM#g© 

7 'f>5'*- h y 

2 0 -Y^i'^g 

2 1 '^^■f^n 

2 2> 2 3 11®^^ 

40 >(>-^mm 

5 1 MM^^ 

6 0 liSbSi^gfl^lS 

20 6 1 ^Sll^ 

6 2 f—y'mu 

6 3 T-'fiJ^ K 

106 BE^^g (Ti? 5^* X- 5?) 

20 0 miis^^ 

2 0 1 mmm.^m. 

2 0 2 «g{L)[^Jj^^ 

20 3 ^mmm 

20 5 SSW^gP 
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